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Nine sites distributed on granitic, volcanic and sedimentary parent materials in Hong 
Kong were studied for their soil properties and vegetation regeneration patterns. 
These sites had been subject to fire disturbance 3, 8 and 11 years prior to the 
investigation and were left to self-regenerate thereafter. 
Soils derived from different parent materials in this study had highly distinctive 
texture. Granitic soils were characterized by a high sand content (50 - 65 %) while 
volcanic soils had high clay content (27 - 48 %). Soils formed on siltstone in general 
had high silt content (36 - 41 %). 
The soils under investigation were all highly acidic with pH ranging 4.29 - 4.79. 
They contained low to medium levels of organic matter (1.31 to 6.15 %) and 
volcanic areas had significantly higher soil organic matter content than the other 
areas. All soils had low contents of total phosphorous, total Kjeldahl nitrogen and 
mineral nitrogen. Available phosphorous and exchangeable bases were particularly 
low. 
Soil pH and organic matter were found to be the most important soil attributes in soil 
recovery as most other nutrients seemed to be influenced by their recovery patterns. 
Soil pH increased progressively in granitic areas, but in volcanic areas, a decrease 
followed by a slight rebound was experienced during the period of 3 to 11 years after 
fire. Sedimentary areas showed the opposite trend with an increase followed by a 
slight decrease. The patterns of soil organic matter accumulation were more 
consistent with all sites experiencing a slight decrease before a more significant 
increase was recorded in later years. 
i 
On the whole, a total of 113 woody species were recorded from the nine plots within 
the area of 100 m^ for each site. Species richness and abundance increased with time 
and peaked at 11 years after fire. Volcanic areas in general were the most species-
rich while sedimentary areas recorded the lowest species diversity and evenness. 
The highest species abundance were recorded in granitic areas. 
Little changes in the abundance of tree species were recorded between 3 - 8 years 
but there were profound increases between 8 - 1 1 years after fire in all" areas. This 
possibly reveals that there could be a lapse of 8 to 11 years after fire before trees can 
start gaining dominancy. All sites showed some ability to self-regenerate despite the 
low soil fertility with evidence of succession identified. 
Further analysis of the sites by DCA ordination and TWINSPAN classification 
showed that there were higher similarities in species composition among sites of 
similar parent materials than of age. This study demonstrated that parent material 
was one of the most critical factors in determining the mode, extent and rate of 
vegetation development, and hence revealed its potential use in classifying degraded 
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Tropical deforestation and degradation of lands are proceeding at an alarming rate. 
In South China, most of the valuable tropical and subtropical rainforests have been 
destroyed as a result of logging, cultivation, fire, population pressure and fuel 
collection (Peng, 1996; Wang, 1997). Up to 1992，forest cover in the southern 
region had reduced from 70% to 13% (Mackinnon et al.’ 1996). Replanted forest 
does not keep up with deforestation in area and comprises mostly monocultures of 
eucalypts or pines that are fire-prone, soil-depleting and very sterile ecologically 
(Mackinnon et al., 1996). 
Hong Kong, as part of the South China ecological region, was once covered by 
climax vegetation of evergreen to semi-evergreen broad-leaved forests (Thrower, 
1975; Dudgeon and Corlett, 1994; Zhuang and Corlett, 1997). This plant 
community, as in other parts in its vicinity, is almost completely lost after years of 
settlement, war, fire, logging, and rapid economic and urban development (Catt, 
1986; Dudgeon and Corlett, 1994; Chau, 1994). Continuous destruction of forest 
has created vast areas of degraded lands. The original forests have mostly been 
replaced by dry barren hills, grasslands, shrublands and secondary woodlands from 
plantation and natural regeneration. The balance of forest ecosystems is upset and 
the biodiversity is reduced. To achieve ecological, social and economic 
sustainability of land use, restoration of the disturbed ecosystem is necessary. 
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1.2 The Problems 
The conventional practice of restoring degraded lands in Hong Kong is to directly 
plant native and exotic tree seedlings onto the sites (Cheung, 1999; Chong, 1999). 
All degraded sites are treated alike in restoration strategies with little distinguishable 
differences in species selection and management intensity. Such practices tend to 
have failed in differentiating the plant-supporting ability of individual site. Little 
attempt has been made to diagnose their degree and extent of degradation, and to 
distinguish their different needs in restoration. Indeed, the importance of individual 
site characteristics has been overlooked and few other restoration options have been 
explored. Consequently, ineffective use of resources and unsustainability of such 
practices are resulted. Despite a century's effort in planting, a vast land area of 
Hong Kong is still covered by fire-maintained grasslands (16.5%) and shrubland 
(25%) (Ashwoith et al” 1993), and most of the existing forest has been a result of 
secondary succession rather than planting (Corlett, 1999). 
In order to use the limited resources effectively and efficiently to achieve the 
complex objectives of restoration, a site classification system is needed to recognize 
the effects brought about by various types of disturbance, and to indicate the 
individual site quality in terms of its ability to support plant growth and ultimately 
the potential return of forest cover. With the constraints in manpower and resources 
in rehabilitation projects, it is not always possible to conduct detailed surveys on all 
sites. However, since Hong Kong has a small geographic entity, it is viable to 
provide site quality evaluation of some kind with a relatively fine spatial resolution. 
Additionally, while a number of factors are responsible for determining the restoring 
2 * 
capability of a disturbed land, the most influential one is the degree of disturbance. 
In general, the more severe the disturbance, the longer and greater the effort it takes 
to recover (Singh and Tripathi, 1992). 
Aber (1990) had distinguished between different types of degraded lands on the basis 
of the degree of disturbance. The first and mildest category of disturbance involves 
disruption or removal of vegetation while the soil is left largely intact. Growing 
conditions in these degraded sites may be close to those in undisturbed environments. 
The second category of disturbance involves damages in both vegetation and soil. 
Nutrients may be removed from the soil along with changes in the soil's physical 
properties. In this case, a sequence of species replacements can regenerate both 
vegetation and soil, but it could be a longer process (Lugo, 1988). In the third 
category of disturbance, vegetation is completely removed and the soil is converted 
to an unnatural state. The soil may need to be recreated before a mature plant 
community will function. Without human intervention, these areas are unlikely to 
be able to recover by themselves and may be subject to further degradation (Lugo, 
1992). 
Disturbances in Hong Kong result in fire-affected areas, heavily eroded badlands, 
quarries for filling materials ('borrow areas'), landfills and old rock quarries. 
Should Aber's (1990) classification of disturbance be applicable to Hong Kong, hill 
slopes subjected to fire may fall into the first or second category of disturbance 
depending on the intensity and frequency of bum. Together, they occupy vast land 
areas in the territory as fire is considered the most significant disturbance agent 
resulting in vegetation destruction (Daley 1975; Thrower 1984a; Dudgeon and 
Corlett, 1994). All the rest of the degraded sites can be classified as the third 
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category of disturbance since all involve topsoil removal. Both quarries and 
landfills have the problem of shallow soil with extremely low fertility, and the latter 
is subject to the adverse effects of landfill gas and leachate, which could seriously 
obstruct vegetation growth (Chan et al, 1991; Dobson and Moffat, 1993; Neumann 
and Christensen, 1996). Furthermore, badlands and 'borrow areas' are more often 
associated with problems of heavy leaching as they are under constant threat of 
serious erosion and poor soil fertility (Chong, 1999). 
Any sites subject to severe degree of disturbance might have little difference in their 
regeneration capability as in most cases the topsoils are removed. As a result, the 
inherent difference in supporting plant growth become non-existent. In this 
situation, adoption of the 'passive' approach, which involves identifying and 
removing the degrading agent (Allen, 1995), often fails. The implementation of the 
'active' approach, in which management techniques such as planting, weeding, 
prescribed burning, and thinning are undertaken (Mclver and Starr, 2001), becomes 
necessary (Bradshaw, 1990). 
Less disturbed sites, however, may be capable of self-regeneration without human 
intervention. Holgen and Hanell (2000) found that a sufficient number of naturally 
established seedlings per hectare is recorded 10 years after clear-cutting. However, 
longer regeneration period is required (2-3 times longer than the planting alternative) 
with respect to the overall vegetation development. Natural regeneration is also a 
recognized cost-effective reforestation strategy in the management regime of less 
degraded sites in China where over half of the forest regeneration is obtained through 
natural regeneration (Huang and Shen, 1993). 
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Given that the 'active' approach has inherent costs and risks, and that at certain sites 
natural succession can be a better and faster restoration procedure, the 'passive' 
approach is recommended to be examined first when considering how to restore a 
degraded system (Lugo, 1988; Mclver and Starr, 2001). On less degraded sites, 
whether diverse communities can be reestablished by natural recolonization alone, or 
whether human intervention is required would be a subject determined by an 
individual site's ability to support plant growth. There is, therefore, a need for 
study in vegetation regeneration to employ themes and methodologies that will 
indicate site specific capabilities. To this end, specific site condition of soil and 
vegetation are relevant and will form the major issues of concern in this research. 
1.3 Conceptual Framework 
Degraded sites subjected to similar degree of disturbance may have different 
resilience, the ability of an ecosystem to recover and return to the original state after 
disturbance. Recovery may take place at varying rates and to varying degrees 
depending on individual site quality (Schoenholtz et al.’ 2000). While a number of 
factors are contributing to the determination of site quality, the importance of the 
geological formation on which such sites are formed should not be overlooked. 
In general, there are five major functional factors that control the formation and 
development of soil (Jenny, 1980), vegetation (Major, 1951), and biological diversity 
(Kruckeberg, 1986): climate, organisms, topography, parent material, and time. The 
complex and dynamic interactions of these factors gives the conditions for plant 
growth (Stendahl et al., 2002). However, within the system, only climate, time and 
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parent materials are essentially the true causal or independent factors (A1 Bakri, 
2001). Topographical features and organisms are directly or indirectly controlled 
by the interaction of these causal factors (Chen et aL, 1999). 
Although climate has always been recognized as the chief factor that control 
vegetation and soil development, within a relatively small area in a single climatic 
zone, the controls of topography and parent material can be more significant (A1 
Bakri, 2001; Kruckeberg, 2002). In this regard, as the time factor is already 
embedded in the other components, parent material remains the most critical 
independent factor influencing the intrinsic characteristics of all dependent factors 
within an area of a relatively uniform regional climate. Understanding 
geology-based classification system of the soil could therefore provide valuable 
information to explain, diagnose and predict wide-ranging issues related to 
restoration of degraded lands. Accepting this fact, the need for investigations 
exploring the relationship between soil properties and vegetation growth on different 
geological environments becomes apparent. 
Generally, most soils are basically sediments or products of weathered of parent 
materials formed after soil-forming processes are completed (Brady and Weil, 2002). 
To this end, different rocks and sediments can give rise to different soil types even 
within a single climatic zone. A1 Bakri (2001) further indicated that parent material 
(geology) affects three important properties of soils, namely base content, relative 
sodium content and particle size (soil texture). Resulting from this, therefore, 
parent material of a given landform can affect the extent of the fertility of a given soil. 
Given that this is the case, will disturbances affect the composition of the vegetation 
cover? Where such vegetation community is not planted and only regenerates 
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naturally, will specific fire disturbance influence the rate of vegetation regeneration, 
composition and growth? Will such changes be similar on different parent 
materials? 
In fact, soils derived from different parent materials are sometimes classified into the 
same soil group. For instance, in Hong Kong, soils from volcanic rocks above 
500m and from granite are both classified as red-yellow Podzol; and soils from 
volcanic rocks below 500m and from sedimentary rocks are both classified as 
krasnosem (Grant, 1986). The hot and humid climate of Hong Kong promotes 
intense weathering and mineral breakdown is often so complete that dissimilar rocks 
can produce similar soil. Just as Dudgeon and Corlett (1994) pointed out, soils 
derived from igneous rocks, i.e. volcanic and granitic rocks, have chemical 
composition particularly alike, but the vegetation cover and floristics between them 
can be strikingly different. Such difference indicates that plant communities seem 
to respond to soil factors other than those used in the classification. The question 
then arises as to what are these factors that are really controlling the vegetation 
development? Is this phenomenon easily discernible? And will these be similarly 
sustained even in the presence of fire disturbance? 
Following this, therefore, the present classification at such level of generalization is a 
great simplification of the true picture and little ecological significance can be 
attached to it (Dudgeon and Corlett, 1994). A finer classification is needed if it is to 
be used meaningfully in ecological restoration. Dudgeon and Corlett (1994) further 
proposed to divide soils firstly into granite-derived and volcanic-derived soils, and 
then on the basis of soil depth and, perhaps organic matter content. While this is 
pertinent, will further investigation on major soil nutrients and soil micronutrients 
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not add to our knowledge of ecological restoration on individual sites? Indeed, 
such proposal by Dudgeon and Corlett and this study recognizes the importance of 
parent materials and warrant further development and extension to the use in 
restoration strategy. The use of parent materials as a classifying base thus 
represents a potential tool in light of identifying and evaluating site quality. 
Should heterogeneity among site and soil characteristics be overlooked in restoration, 
the resulting mis-match in the treatment used may lead to a waste of resources, 
making the complex task of restoration more difficult. There is a need, therefore, 
for a study focusing on the effect of parent materials, and hence ascertaining the 
factors genetically controlling site characteristics and translate this information into 
useful guidelines in restoration, such as what this study is attempting to do. 
On sites where soil erosion is likely or recovery rate is slow, planting represents a 
possible way of catalyzing forest development (Lugo 1992’ Lamb, 1994; Fang and 
Peng，1997; Parrotta et al. 1997; Ashton et al., 2001; Cusack and Montagnini, 2004). 
Choosing suitable species to be planted is of paramount importance in achieving 
successful restoration. Each plant species has its own growing requirement and it is 
the matching of these requirements with the sites that determine whether or not 
planting would be successful (Huang and Shen, 1993). In Hong Kong, less than a 
dozen species have proved amenable to mass planting on degraded hill slopes despite 
the large number of both native and exotic species tested (Corlett, 1999). Is the 
poor growth and low survival of the remaining species evident in all sites irrespective 
of their geology and history of disturbance? A number of species were found to 
grow successfully on some sites but not on the others. What is the major difference 
between those sites? Will the differing growth response be a reflection of the 
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intrinsic heterogeneity of site quality with parent material as a determining factor? 
It is crucial to understand the growing requirements of the desirable species, and the 
characteristics of sites in light of its ability to provide those requirements (Aber, 
1990). However, the current lack of silviculture information of the native species 
has greatly hampered the generation of informed judgment on their potential use in 
restoration projects. Plant physiological study can help to ascertain the nutrient 
requirements of species for suitable use in restoration, but can specific information 
on species natural regeneration help unravel this potential? Can vegetation survey 
at early successional stages similarly produce useful results? This, when well done, 
may help identifying woody species that are able to regenerate under specific 
environments as these species are what the nature selects. 
Soil conditions, aboveground vegetation composition and successional rates are all 
interdependent. Variation in soil properties due to the difference in parent rocks 
may therefore lead to variation in the vegetation regeneration patterns. A study of 
these patterns at fire-affected sites can provide some hints about which species, 
through natural selection, are more likely to survive in different types of fire-affected 
sites. 
1.4 Objectives of the Study 
Recognizing the gaps of information on the differences in vegetation regeneration 
among various landscapes in different parent materials, this study attempts to answer 
some of the questions raised by investigating soil properties and natural vegetation 
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regeneration pattern of burnt sites overlying different parent rocks in Hong Kong. 
Constrained by manpower and time, a retrospective approach which involves 
inferring succession from a series of vegetation stands of different ages is adopted. 
The general aim of this study is to evaluate the natural forest re-establishment 
potential on fire-affected sites through self-regeneration, with special emphasis on 
the effects of parent materials along the chronological sequence of vegetation. 
The specific objectives are: 
1. To examine the general properties of soil derived from volcanic, 
sedimentary and granitic parent materials after fire disturbance; 
2. To investigate the general development of vegetation communities on sites 
overlying volcanic, sedimentary and granitic parent materials after fire 
disturbance 
1.5 Significance and Scope of Study 
This study is significant in the following ways: 
Firstly, the study will help to fill the knowledge gap regarding the properties of soil 
derived from volcanic, granitic and sedimentary bedrock after fire disturbance. The 
recovery pattern of fire-disturbed soils can be understood and any difference 
according to variation in parent materials can be observed. The results will further 
elucidate on the potential use of parent material as a classifying tool for site quality 
in the light of their ability to support plant growth. 
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Secondly, the findings will provide baseline information pertaining to the species 
composition of naturally regenerated community after fire on volcanic, granitic and 
sedimentary areas. Furthermore, it will shed some light on what species are able to 
regenerate naturally and present a general picture of early successional pattern. The 
rates of recovery in different bedrocks can also be evaluated. Through examining 
species composition and growth, it will be possible to identify the most competitive 
native pioneer species that can withstand the specific post-fire environments and 
their potential use in restoring planting can be explored. 
Together with other local studies of plantations and exotic vs. native species, a more 
comprehensive review of the conventional planting practices can be produced and 
will also reveal how the future planting strategies could be planned. 
1.6 Organization of the Thesis 
The thesis consists of six chapters. Chapter 1 explores the problems and highlights 
of the study. It first gives a brief description of the types and characteristics of 
degraded sites in Hong Kong, followed by a brief introduction of the general nature 
of the three main types of parent materials and the soils found in the study sites. It 
also mentions the purposes of restoration, followed by outlines of the conceptual 
framework and objectives of the study. Chapter 2 consists of a general description 
of the geographical setting of Hong Kong, including the climate, soil and vegetation. 
The study areas are described in detail. Chapter 3 focuses on the soil properties of 
the study areas with a focus on the influence of parent materials. Chapter 4 
examines the vegetation regeneration patterns on the study sites and species 
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compositions are compared among different parent materials. Both chapters start 
with a brief literature review and end with the discussion on the management 
implication. Chapter 5 discusses about the implications of the soil and vegetation 
results integrated!y. Comparisons of results with other local studies are also made. 
Chapter 6 is the concluding chapter that summarizes the findings. Suggestions for 




2.1 Geographical Setting of Hong Kong 
Hong Kong lies on the southeast coast of China between 22�9’N - 22°37'N and 
113�52’E - 114�30，E, just 125 km south of the Tropic of Cancer. The territory 
comprises a small part of the Chinese mainland and 235 small outlying islands with a 
total land area of about 1,100 kml A total population of about 6.8 million lives in 
about 15% built-up areas of the territory while the rest of the area is considered hilly 
and 38% of the total land area is designated as country parks. 
2.1.1 Climate 
Located along the northern fringe of the Tropics and bordered on the Pacific Ocean, 
Hong Kong is largely governed by seasonal monsoon climate. Seasonal changes 
are remarkable with a cool and dry winter and a hot and humid summer. Figure. 2.1 
shows the climatological elements of the territory in 1961-1990 (Hong Kong 
Observatory, 2004). The annual mean air temperature was 23�C，with an annual 
range of more than 12 °C. The mean annual rainfall was approximately 2,214.3 
mm, 80% of which occurs between May and September. In general, rainfall 
increased from west to east, ranging from around 1,300 mm to 3,000 mm. 
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Figure 2.1 Mean monthly rainfall and temperature in Hong Kong (1961-1990) 
Tropical cyclone is one of the most severe weather phenomena that affects Hong 
Kong. Strong wind and heavy rainfall associated with the tropical cyclones can be 
destructive to vegetation and causes soil erosion. 
In 2002，when the fieldwork was conducted, the mean annual temperature was 
23.9°C which was marginally higher than the normal of 2 3 T from 1961-1990. 
However, the total annual rainfall of 2,490 mm was slightly higher than the normal 
of 2,214.3 mm (Figure 2.2). 
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Figure 2.2 Mean monthly rainfall and temperature in Hong Kong (2002). 
2.1.2 Geology 
Rocks in Hong Kong can be broadly divided into three types: extrusive volcanic 
rocks，intrusive granitic rocks and sedimentary rocks. Together they cover more 
than 90% of the land area of the territory (Sewell et al., 2000). 
Mesozoic igneous rocks are the dominant rock types in Hong Kong, accounting for 
about 85% of rock outcrop on land (Sewell et al., 2000). Volcanic rocks account for 
approximately 50% of Hong Kong's surface area, and form most of its mountainous 
ground. Granitic rocks of Hong Kong occupy approximately 35% of the land 
surface and underlie much of the offshore area. 
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Sedimentary rocks constitute only minor areas in Hong Kong. They are mostly 
found in the northern and western parts of Hong Kong and they comprise of 10% of 
the onshore rock exposure (Sewell et al., 2000). 
2.1.3 Soil 
The soil in Hong Kong is broadly divided into alluvial soils and colluvial soils. The 
alluvial soils are mainly distributed in the flood plains of rivers and streams and 
along the coast, occupying 130 km^ of the territory. The colluvial soils are 
distributed in uplands and hilly areas, occupying about 800 km^ of the territory. 
The major soil types are Red-Yellow Podzol on granitic areas and volcanic areas with 
an altitude higher than 455 m, and Krasnosem on volcanic areas under 455 m (Grant, 
1986). 
The hill soils once supported thick forest and impenetrable scrub, but under the stress 
of urban development, much of the forests have been destroyed by fire and the soil 
condition deteriorated remarkably and now tend to be highly acidic, thin and 
deficient in nutrients (Grant, 1986). 
2.1.4 Vegetation 
The most abundant types of vegetation in Hong Kong are shrubland (37% of the total 
land area) and grassland (16.5%) (Ashworth et al, 1993). Despite their dominance, 
they are not the climax vegetation of Hong Kong. They would only be transitional 
stages to the climax community of semi-deciduous broadleaved monsoon forest 
(Thrower, 1975) or semi-evergreen broadleaved rain forest (Chang et al.’ 1989; Hou, 
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1994; Zhuang and Corlett, 1997) were they not maintained by frequent fire 
(Hodgkiss et al, 1981). 
Nowadays, remnants of the original forests are confined to patches of Fung Shui 
Woods behind old villages and temples where they are retained according to ancient 
Chinese traditions. Even more scarce are tiny forest groves found scattered in 
upland ravines which may also bear fragments of the original forests (Catt, 1986; Jim, 
2003). Together with the secondary woodlands promoted by natural regeneration, 
they occupy 8% of the total land area and are dominated by species of the 
Euphorbiaceae, Sapotaceae, Moraceae, Sterculiaceae, Myrtaceae, Fagaceae, 
Lauraceae, and Theaceae families. Secondary woodland plantations (5%) are 
commonly dominated by exotic species, mostly the Acacia auriculiformis, A. confusa, 
A. mangium, Casuarina equisetifolia, (Tsang, 1997; Corlett, 1999)，and native 
species namely Castanopsis fissa and Schima superba (Corlett, 1999). 
Despite the long history of destruction, the local flora is very diverse with 267 
families, 1,353 genera and 3,136 species of vascular plants, of which 2,136 species 
are native to Hong Kong (Anon., 2002). 
2.2 Site Selection 
The types of parent materials and the lapse of time since the last fire were the two 
major factors that determined the selection of study sites. In order to examine the 
influence of these two factors on soil and vegetation, attempt was made to hold the 
other factors such as antecedent vegetation cover, slope angle, aspect, altitude 
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constant. The bedrock distribution (Figure 2.3) was defined according to the 
information provided in the "The Pre-Quatemary Geology of Hong Kong" published 
by the Hong Kong Geotechnical Engineering Department (Sewell et al. ’ 2000). The 
fire history of each site was based on the fire record obtained from the Fire Control 
Centre under the Agriculture, Fisheries and Conservation Department (AFCD). The 
fire records, however, were only an approximate account of each fire incident, both 
in terms of the extent and the exact boundary of the area affected. Considering the 
potential discrepancy between record and real situation, field confirmations were 
conducted with the staffs of the country park's management office. 
Three criteria were set when selecting study sites. Firstly all study areas were not 
subject to any kind of planting. All vegetation developed in the plots were naturally 
regenerated, which is defined to be any vegetation that can establish themselves in 
the plots by natural means. This includes re-growing from the seed banks or burned 
stems inside the plot, or by seed dispersal or invasion from outside the plot. The 
second criteria is that the area should not be smaller than 0.5 ha in size in order to 
eliminate edge effect. Thirdly, disturbance from human and feral cattle should be 





































































































































































































































































































































































































































































































































































































The nine study sites (Figure 2.4, Table 2.1) were selected to cover all three major 
types of bedrocks (granitic, volcanic and sedimentary rocks) in Hong Kong. The 
last incident of fire occurred approximately 3，8 and 11 years prior to the 
investigation. In the territory, setting hill fire for any reason is strictly prohibited, 
hence, it was not possible to set experimental fire to study the soil and vegetation 
characteristics immediately before and after the fire. Despite the lack of 
information at time zero, data gathered at 3, 8 and 11 years after fire can stand alone 
as a part of the recovery process. In this context, the word 'recovery' used in this 
study is limited to the period 3 to 11 years after fire disturbance. 
f NEWTERFUTORIES � i W 
X ••犯 y v ^ A 
LANTAU ISLAND \HONG KDNG ISLAND^  ^ ^ \ 
Figure 2.4 Locations of the nine study sites. 









































































































































































































































































































































































































































































Furthermore, owing to the lack of fire records of earlier years, the detail fire regime 
including the frequency, intensity and extent of the fires that had occurred before the 
last fire cannot be identified, and thus the cumulative effect of repeated burning 
cannot be estimated. In this regard, 'time-since-last-fire' is the only representation 
of the effect of fire on the nine study sites in this study. 
Since none of the sites were subject to fire of the same incident, the time-since-fire 
differed to a small extent inevitably. All sites were denoted with firstly their parent 
material, G for granitic, V for volcanic and S for sedimentary; and secondly with 3，8 
and 11 indicating the time since the last fire. For the convenience of comparison, 
fires that occurred within the range of 土 1 year of the denoted 3，8 and 11 years were 
taken as 3，8 and 11. This should not affect interpretation of the data because in the 
first place, the exact dates of the fires were mostly unknown as fire maps recording 
the area affected are documented with 'fire year' only and the deviation could be as 
large as the length of a fire season (6 months). In addition, soil sampling and 
vegetation surveys were conducted over a few months and this might lead to a small 
deviation in fire history. 
2.3 Site Description 
2.3.1 Tai Mo Shan 
The three study areas V3, V8 and VI1 (Table 2.2) are all located in the Tai Mo Shan 
Country Park. There is a large graveyard in close proximity to the three study sites, 
especially VI1 and so the area is under constant threat of fire outbreaks. 
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Table 2.2 Details of study sites in volcanic areas 
^ e s |V3’V8，V11 
Formation 1 Shing Mun Formation 
Dominant Rocks 1 Lapilli lithic-bearing coarse ash crystal tuff and tuff 
breccia with intercalated siltstone (Jts) 
2 
Soil Krasnosems 
Sources: ‘ Sewell et al.，2000, ^  Grant, 1986 
2.3.2 Wu Kau Tang 
Wu Kau Tang is geographically enclosed in the Plover Cove Country Park, but for 
historical reason, it is designated as out of the country park's boundary. The area 
was famous for its long history of traditional farming activities. Two study areas, 
S3 and S8 are situated in this area (Table 2.3). 
Table 2.3 Details of study sites in sedimentary areas (S3 and S8) 
Sites S3, S8 
Formation 1 Pat Sin Leng Formation 
Dominant Rocks 1 Reddish-brown thickly bedded conglomerate, greyish 
red sandstone and reddish purple siltstone (Kp) 
Soil Krasnosems 
Sources: ‘ Sewell et al., 2000, ^ Grant, 1986 
Due to the rarity of sedimentary rocks in Hong Kong, site selection was particularly 
difficult. Sites that fulfill the criteria of fire history, rock type, and planting history 
were extremely rare. S l l was the closest to the various criteria after searching 
through the fire record. It is located inside compartment 25 of the Tai Lam Country 
Park and is confirmed to be of sedimentary parent material according to the recent 
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large scale geological survey conducted by the Geotechnical Engineering Office 
(GEO) (Sewell et al., 2000). However, the small size and patchiness of the 
sedimentary rocks in the region, and the proximity of SI 1 to the nearby granitic areas, 
may reduce the reliability of such classification. 
Table 2.4 Details of study site in sedimentary areas (Sl l) 
Sites  
Formation 1 Tolo Channel Formation 
Dominant Rocks^ Grey laminated siltstone with interbeded with 
fossiliferous black mudstone 
• 2 “ ‘ — — 
Soil Krasnosem 
Sources: ‘ Sewell et al., 2000, ^ Grant, 1986 
2.3.3 Tai Lam 
Tai Lam Country Park is located in the western part of the New Territories. It is the 
second largest country park in Hong Kong. 
Table 2.5 Details of study sites in granitic areas 
Sites G3 ,G8andGl l 
Intrusion 1 Tai Lam Granite  
Dominant Rocks' Porphyritic medium-grained to equigranular 
fine-grained leucogranite (Jma) 
SoiP Red-yellow Podzolic 
Gullies and badlands are abundant in the area and 
existing badlands are under threat of further 
degradation particularly after fire 
Sources: ‘ Sewell et al., 2000, ^ Grant, 1986 
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CHAPTER 3 
EFFECTS OF PARENT MATERIAL ON SOIL 
CHARACTERISTICS ON FIRE-AFFECTED SITES 
3.1 Introduction 
The manner in which soil responds to pressure is closely related to two of its 
attributes: soil resistance, the capacity of a soil to continue to function without 
change throughout a disturbance; and soil resilience, the capacity of a soil to recover 
its functional and structural integrity after a disturbance (Herrick and Wander, 1998; 
Eswaran, 1994; Sombroek, 1994; Blum and Santelises, 1994). Both attributes are 
important in ecological management because they represent the capability of a soil in 
regaining its original or nearly original state through the action of natural and 
anthropogenic soil-forming processes (Szabolcs, 1994). 
Soil resistance and resilience are affected by both inherent and dynamic soil 
characteristics and, thus, will vary substantially from one area to the other and will 
change over time (MacEwan, 1997). These soil properties, in turn, are controlled 
by the same interacting factors of soil formation (Lai, 1994; Seybold et al, 1999; 
Kosmas et al, 2000), namely climate, parent material, topography, organisms and 
time (Jenny, 1980). All five factors are inter-related but their relative importance in 
determining soil properties may differ. According to Al Barki (2001) and 
Kruckeberg (2002)，parent material exerts the most significant influence on soil 
characteristics and vegetation growth within a regional climate through its direct 
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control on soil physical, chemical and mineralogical properties. 
The most significant influence of parent material on soil properties lies in its 
dominant effect on soil texture (Grant, 1960) as grain size of the parent rock is the 
main determinant of soil texture (Young, 1976; Lavelle and Spain, 2001). Soil 
texture in turn controls the availability of water and a whole range of chemical 
processes through provision of colloid surfaces for reactions to take place. 
Furthermore, soil texture was reported to have a strong influence on soil resilience 
and resistance through its control over the rate of erosion (Miller and Baharuddin, 
1987). In addition, parent material also influences the quantity and type of clay 
minerals present in soil profile, and the kinds of clay that can develop as the soil 
evolves (Brady and Weil, 2002). The type of clay, in turn, can be important in a 
soil's resilience to compaction (Seybold et al” 1999). 
Parent material plays an important role in soil nutrient content as most soils directly 
inherited their mineralogical composition from their parent materials (Washer and 
Collins, 1988). Nutrients released as a result of these minerals from weathering 
may supply all essential nutrients for forest growth except nitrogen (Zabowski, 1990; 
Stendahl et al, 2002). Though not directly inherited, the availability of soil 
nitrogen is also reported to vary among different parent materials (Welch and 
Klemmedson, 1973). Contents of other important nutrients such as phosphorus and 
potassium, and some soil trace elements were also reported to vary with different 
parent materials. (Irmak and Surucu, 1999). Besides, the long-term nutrient 
availability (Cole, 1995) and its rate of release (Young, 1976) in soil are also closely 
related to the mineralogy. 
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Furthermore, the composition of the parent rocks also affect the susceptibility of the 
weathering cover to particular hill slope processes, such as hill slope formation, due 
to the differences in the physical properties (Romer et al., 2002). In addition, 
hydrogeomorphological processes were also reported to be influenced by parent 
material (Cerda, 1999). 
Soil erosion is another important process that is significantly influenced by inherent 
soil properties and hence parent material (Willen, 1964; Luk, 1979; Lai, 1999). The 
loss of topsoil exposes the less-productive subsoil with reduced ability to hold and 
recycle nutrients, and absorb, retain and freely circulate air and water (Lai, 1994). 
Hence, eroded soils are generally less favorable for seedling establishment and root 
proliferation, which are important for early plant development (Papendick, 1994). 
Xu et al. (2000) reported that different soil parent rocks had different susceptibility to 
erosion in the Pearl River Delta region. If vegetation on granitic area is cleared a 
few times, soil erosion will be very serious and finally there will be gully erosion. 
The purple sandstone and shale in Guangdong are similarly sensitive to soil erosion. 
Erosional susceptibility was found to associate with coarse texture, high degree of 
weathering and low organic carbon, all of which are typical characteristics of soils 
derived from granitic rocks (Burt et al, 2001). While the existence of vegetation 
cover is one of the determinant of the degree of soil erosion, Kosmas et al. (2000) 
found that soils formed on different parent materials had different erosion rates 
because of their lower capacity to regenerate natural vegetation. He also observed 
that the nature of the parent material became increasingly important in vegetation 
establishment and land protection as soil depth was reduced due to erosion. The 
crucial soil depth for vegetation to be supported and soil not to be eroded ranged 
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from 4 - 10 cm depending on the parent material (Kosmas et al” 2000). 
Parent material can also affect the soil biota, in particular bacteria and nematodes 
(Brussaard, 1994) mainly through its control on soil texture. In fact, bacterial 
biomass was found to be lower, while the rate of nitrogen mineralization 
perbacterium higher, in coarser textured soil than in finer textured soil under the 
same management. 
In Hong Kong, the only information concerning parent materials in light of their 
different abilities to support plant growth was documented by Chau and Lo (1980) 
under Pinus scrub communities. The study reported that all soils were invariably 
acidic with high exchangeable Al and H ions and exceedingly low base saturation, 
but significant variations in soil physical and chemical properties were observed. 
Soils derived from volcanic rocks had in general higher nutrient contents than 
sedimentary rocks while soils from granitic rocks were the most nutrient-poor. 
In a recent study, Jim (2003) studied the soil morphology, physical and chemical 
properties in undisturbed Fung Shui Woods underlying different parent materials. 
Since the focus of the study was on the overall nutrient status rather than individual 
effects brought by parent materials, the data presented provided limited insight to the 
possible differences that exist between varying parent rocks particularly where fire 
history is taken into consideration. 
Most of the studies mentioned above were documented where human disturbance 
was minimal. In areas subjected to considerable human disturbance, however, these 
effects may be obscured (Foster, 1988). Among the relatively comprehensive 
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studies on the post-disturbance recovery of soil quality and its maintenance and 
sustainability, few of them have examined the role of parent material in light of its 
influence on soil resistance and resilience. In a study on abandoned pasture in the 
semi-arid landscape, Kosmas et al (2001) reported that soil organic matter content 
and soil aggregate stability varied greatly in soils along the lithosequence. While 
the study by Chau and Lo (1980) was conducted on a Pinus scrub, will similar soil 
characteristics be detected on similar sites after fire disturbance? 
Lai (1994) generalized that degraded sites that are characterized by high soil 
resilience are those that have sufficient rooting depth, loam to clay loam texture, 
structurally active with high activity clay minerals, a high proportion of stable 
micro-aggregates, gentle to rolling terrain, good internal drainage, and favorable 
microclimate. While these physical factors are important, will the influence of soil 
chemical properties be similarly significant in the determination of soil resilience? 
Few studies, locally or worldwide, have explored the effect of intrinsic differences in 
their properties to their response to disturbance. In view of the knowledge gaps 
mentioned above, findings from this chapter are designed to answer the following 
questions: 
1. What are the textures of the soils derived from volcanic, granitic and sedimentary 
rocks? 
2. Do reaction pH and total exchangeable acidity differ among soils formed on 
granitic, volcanic and sedimentary rocks after fire disturbance? 
3. Are there build-ups of soil organic matter, total Kjeldahl nitrogen and total 
phosphorus with time after fire on all three types of parent materials? How? 
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4. What are the changes of mineral nitrogen and available phosphorous content with 
time on the three parent materials after fire on the different parent materials? 
5. What are the changes of exchangeable potassium, sodium, calcium and 
magnesium with time after fire in soils derived from different parent materials? 
6. How do Carbon:Nitrogen Ratio, Effective Cation Exchange Capacity and Base 
Saturation change over time on the three parent materials? 
7. Do exchangeable zinc, copper, iron and manganese vary with time after fire on 
different parent materials? 
3.2 Methodology 
3.2.1 Soil Sampling 
Soil sampling was conducted from July to November 2002. Systematic sampling 
along line transects was employed for this study. Two transects were laid 20 m 
apart in each study area. Nine samples were collected along each transect at 10-m 
intervals. From each sampling point, soil was collected from two depths (0-15 cm 
and 15-30 cm) after removal of surface litter. 
3.2.2 Sample Preparation 
After returning to the laboratory, the soil samples were sub-divided into two portions 
for different preparations. A portion of fresh soil was sieved through a 0.5-mm 
sieve and stored at 4 °C for the determination of mineral N, available P and 
exchangeable Fe, Mn, Cu and Zn. The other portions of the samples were air dried, 
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and sieved through a 2-mm sieve for the analysis of texture, pH, exchangeable K, Na, 
Ca and Mg, and through a 0.25-mm sieve for the determination of organic carbon, 
total Kjeldahl nitrogen, exchangeable acidity (Al and H), and total phosphorus. 
3.2.3 Soil Texture 
Soil texture was determined by the Bouyoucos hydrometer method that measures the 
decrease in density of the suspension as particles settle. Fifty grams of 2 mm air 
dry soil was mixed with 5% Calgon solution (sodium hexametaphosphate). The 
mixture was stirred at high speed for 10 minutes and made up with water to 1,000ml. 
Hydrometer readings were taken at 4 minutes 48 seconds to estimate silt and clay 
fractions, and at 5 hours to estimate the clay fraction (Grimshaw, 1989). 
The results were expressed as percentages of sand, silt and clay while the textural 
class was determined against the textural triangle, following the classification of the 
U.S. Department of Agriculture Classification System. 
3.2.4 Soil Reaction 
Soil pH was detected by using a mixture of 10 g of 2 mm air dry soil with distilled 
water at a soil to water ratio of 1:2.5 (w/v). After shaking for 15 minutes, the 
mixture was left to stand for 30 minutes before being tested with a glass electrode 
coupled with the Orion Expandable Ion Analyzer EA940. 
3.2.5 Total Exchangeable Acidity 
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Total Exchangeable Acidity (sum of exchangeable Al and H) was determined 
titrimetrically. Ten grams of 0.25 mm air dry soil were extracted with 1 M 
potassium chloride. After shaking for one hour, the extracts were filtered through 
Whatman No. 6 filter papers. The filtrate was then boiled to expel the dissolved 
CO2 before titration with 0.01 M sodium hydroxide using phenolphthalein as 
indicator (Anderson and Ingram, 1993). 
3.2.6 Organic Carbon 
Organic carbon was determined by the Walkley-Black partial oxidation method 
(Walkley and Black, 1934). The organic carbon in 1 g of 0.25 mm air dry soil was 
oxidized by adding 10 ml 5% potassium dichromate and 20 ml concentrated sulfuric 
acid. The mixture was back titrated with 0.5 N ferrous sulfate heptahydrate solution 
with o-Phenanthroline-ferrous complex as indicator. Soil organic matter (SOM) 
was estimated by multiplying the organic carbon content with the factor of 1.724 
(Chaney and Swift, 1984). 
3.2.7 Total Kjeldahl Nitrogen (TKN) 
The Kjeldahl digestion method (Bremner and Mulvaney, 1982) was employed for the 
determination of total nitrogen in the soil. One gram of 0.25 mm air dry soil was 
digested in concentrated sulfuric acid in the Tecator DS20 digestor block at 340 °C， 
using copper sulfate as catalyst and potassium sulfate to raise the boiling point 
(Anderson and Ingram, 1993). Free ammonia was liberated from the digest by 
steam distillation in the presence o excess alkali using Tecator Kjeltec 1026 
distillation unit. The distillate was collected in a receiver containing excess boric 
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acid and back titrated with 0.01 M hydrochloric acid. 
3.2.8 Mineral Nitrogen (NO3-N and NH4-N) 
Mineral nitrogen was determined colorimetrically, in accordance with the procedures 
described by Anderson and Ingram (1993). Ten grams of 0.5 mm fresh soil was 
extracted with 100 ml 2 M potassium chloride. After shaking for one hour, the 
extracts were filtered through Whatman No. 6 filter papers. The filtrates were then 
subject to flow injection analysis. 
For the determination of NH4-N, the filtrates were injected into a carrier stream of 2 
M potassium chloride and mixed with 0.1 M sodium hydroxide. The joint stream 
passed along a membrane in a gas diffusion cell. The ammonia gas formed diffuses 
through the membrane into a stream of ammonia indicator solution. NH4-N was 
detected colorimetrically at wavelength of 590 nm. 
For the determination of NO3-N, the pre-treated filtrates were injected into a carrier 
stream of 0.1 M ammonium chloride dissolved in 2 M potassium chloride. The 
nitrate is reduced to nitrite in a cadmium reductor. On the addition of acidic 
sulphanilamide and N-ethylenediamine dihydeochloride from the merging streams, 
NO3-N was detected colorimetrically at wavelength of 540 nm. 
3.2.9 Total Phosphorus 
0.5 gram of air dry soil was digested at 120 °C in mixed perchloric acid, 
concentrated nitric acid and concentrated sulfuric acid at a ratio of 2:10:1. The 
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digest was then filtered through Whatman No. 6 filter paper and diluted with 
de-ionized water to 50 ml. Phosphate was determined by the molybdenum blue 
method using stannous chloride as the reducing agent. 
3.2.10 Available Phosphorus (PO4-P) 
Available phosphorus was determined by the molybdenum blue method. Five 
grams of 0.5 mm fresh soil was extracted with 1 M ammonium lactate solution. 
After shaking for 90 minutes, the extracts were then filtered through Whatman No. 6 
filter paper. The filtrates were then diluted with 0.5 M hydrochloric acid and was 
subject to test, by the molybdenum blue method using Tecator Flow Injection 
Analyzer and at absorbance reading 690 nm. 
3.2.11 Exchangeable Cations (K, Na, Ca, Mg, Zn, Cu, Fe and Mn) 
Exchangeable K, Na, Ca and Mg were determined by extracting 5 g of 2 mm air dry 
soil with 100 ml 1 M ammonium acetate at pH 7 (Jackson, 1958). Exchangeable Zn, 
Cu, Fe and Mn were extracted from 5 g of 0.5 mm fresh soil with 50 ml ammonium 
acetate at pH 4.6 (Anderson and Ingram, 1993). The filtrates were then analyzed 
for exchangeable K, Na, Ca, Mg, Zn, Cu, Fe and Mn by using the Van an 
SpectrAA-300 Atomic Absorption Spectrophotometer. 
3.3 Data Processing and Statistical Analysis 
Means and standard deviations were calculated for each site for the two soil depths. 
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The intra-layer differences of each parameter were tested with Student's t-test at 0.05 
confidence interval. One Way ANOVA was used to test the difference between sites, 
and was performed separately on the two layers. The data were divided in two 
different ways for testing as follows. 
Firstly, they were divided into three separate groups according to their parent 
materials. The first group consisted of G3, G8 and G i l ; the second group was V3, 
V8 and VI1; and the third group was S3, S8 and S l l as indicated in Table 2.1 in 
Chapter 2. The effect of fire (assumed to be the number of years since the last fire) 
on soil properties could hence be tested separately on the three geological areas. 
Differences within each group were tested with One Way ANOVA on two separate 
layers. If statistical difference was detected, then Tukey's Honesty Test was 
performed to determine which pair of sites was different. 
The results obtained from this grouping considered the changes of the soil attributes 
with time after fire disturbance. Since they were conducted on the three parent 
materials separately, the pattern and trend deduced from each parent material can 
then be compared, and hence the effect of parent material evaluated. 
Secondly, the study sites were divided into three separate groups according to the 
time since the last fire. The first group was G3, V3 and S3; the second group was 
G8, V8 and S8; and the third group was G i l , VI1 and S l l . The effect of parent 
materials could hence be evaluated on sites with similar impact by fire. Significant 
differences within each set were tested with One Way ANOVA on the two layers 
separately. If statistical difference was obtained, then Tukey's Honesty Test was 
performed to determine which pair of sites was different. 
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Since the focus of this study is on the pattern of recovery rather than on individual 
nutrient status, results from this grouping have not been discussed in great detail. 
They served as additional information and reference can be made when needed. 
Where the assumptions of the ANOVA and Student's t-test (normal distribution, 
equal variance and continuous data) were not fulfilled, transformations (log, arcsine, 
arc sine squareroot etc.) were conducted and where such assumptions, were still not 
fulfilled non-parametric tests (Kruskal-Wallis test for ANOVA and Mann-Whitney U 
test for t-test) were used instead. 
3.4 Results and Discussion 
3.4.1 Soil Texture 
Soil textural classes were determined for each soil (Figure 3.1，Appendix 3.1) and 
reported following the U.S. Department of Agriculture Classification System. The 
soils of the nine sites were classified as sandy clay loam, sandy clay, clay loam, clay, 
loam and sandy loam (Table 3.1). The lower layers (15-30 cm) in general had 
higher clay content than the upper layers (0-15 cm), indicating possible downward 
translocation of clay particles (Appendix 3.1). 
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Figure 3.1 Soil Texture 
Table 3.1 Soil Textural Class (n=6) 
Site Upper Layer (0-15 cm) Lower Layer (15-30 cm) 
G3 Sandy clay loam Sandy clay loam 
G8 Sandy clay loam Sandy clay 
Gi l Sandy clay loam Sandy clay loam 
V3 Clay loam Clay loam 
V8 Clay loam Clay 
VI1 Sandy clay loam Sandy clay loam 
S3 Clay loam Clay loam 
S8 Loam Loam 
Sl l Sandy loam Sandy clay loam 
While time after disturbance did not seem to have great effects on soil texture, parent 
materials showed their profound influences explicitly. On the granitic areas (G3, 
G8, Gil) , a majority of the soils were classified as sandy clay loam and they were 
characterized by high sand content (50 - 65%) and poor silt content (13 - 16%). 
Soils derived from volcanic areas (V3, V8, VI1) were characterized by the high 
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proportion of the finer particles. They had high clay content (27 - 48%), and higher 
silt content (20 - 27%) than granitic areas. They were classified as clay loam for 
V3 and upper layer of V8, as clay on the lower layer of V8, and as sandy clay loam 
for VI1. The differences in soil texture between granitic and volcanic areas were 
likely to be an inheritance from their parent materials. Where the parent rocks are 
coarse-grained and particularly with large quartz crystals (granite), the weathered 
material is generally coarser textured (Grant, 1960). Hence, soils derived from 
granite generally had higher portion of sand than volcanic rocks. Such influence of 
the parent materials was also obvious in soils derived from sedimentary rocks where 
S3 and S8, which were derived from siltstone, had rich silt content (38 - 41%) but 
lower clay content (22 — 35%). The low clay content in sedimentary rocks was 
again a reflection of the mineralogy of the parent material. Since they have passed 
through a cycle of weathering and consist wholly or mainly of resistant minerals, and 
will contain little feldspar to weather into clay-size particles (Ahn, 1993). 
S l l is indicated on the geological map as sedimentary siltstone from a different 
formation of different age to S3 and S8. It had the lowest silt (10%) and clay 
content (19 - 21%), and its sand fraction was almost double that of S3 and S8. The 
textural classifications were clay loam for S3, loam for S8 and sandy loam for S l l as 
indicated in Table 3.1. 
3.4.2 Soil Reaction 
Soils of all nine sites were strongly acidic, with mean pH ranging from 4.29 - 4.75 in 
the upper soil layers and 4.29 - 4.72 in the lower soil layers (Appendix 3.2). The 
mean and standard deviation of the nine sites are shown in Figure 3.2. 
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Figure 3.2 Soil pH 
Results of the significant tests are shown in Table 3.2. The results on the intra-layer 
difference are shown in both part (a) and (b) of the table. In addition, (a) also 
shows the results of the ANOVA among sites of the same parent materials, while (b) 
shows the results of ANOVA among sites of the same time-since-last-fire. As 
aforesaid in Section 3.3，the emphasis of this study will be on the changes of soil 
attributes after fire, and so trends of soil pH exhibited by granitic areas, for instance, 
are compared with the trends of volcanic and sedimentary areas (Table 3.2a). Sites 
sharing the same letters are not significantly different (p<0.05) by the Tukey's 
Honesty Test and comparison should be made on sites of the same group and within 
the same layer only. Grouping has been indicated with shading. 
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Table 3.2 Soil pH 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) \ Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 L 3 8 11 
“ [ u p p e r vs lowe7 NS NS NS ** NS *** I NS NS * 
^ 0-15cm a b c c a b , a ab b 
Cd — .Kini* iiir II Iiumii WMfl 
一 15-30cm a b c b a a | . a b b 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs 11 yrs . . . 
Parental Material八 G V S G V S � G V S  
“ u p p e r vs lower NS ** NS NS NS NS | NS 稱 *  
0-15cm a c b a a b b a c 
Cd rji)-[jii J.¥fi.-im-i：「Tir 广n『T iTf」_iiTnirMirini^ iiiicii»i-f 
^ 15-30cm a c b a a b j b a c 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
No significant differences between layers were detected over half of the sites (Table 
3.2). On volcanic areas, pH decreased down the profile from 4.75 to 4.59 in V3 and 
from 4.45 to 4.35 in V l l . A similar decrease with soil depth was also reported in a 
local study by Chan (2002) on volcanic areas 4 years after fire disturbance. 
The high acidity in soils under investigation is common in tropical regions where 
bases are subject to intense leaching by heavy rainfall (Brady and Weil, 2002). 
However, soils formed on granitic rocks were particularly acidic. This could be 
attributed to their high sand contents (see Section 3.4.1). Granite is particularly 
siliceous in nature and hence soils derived from it are often characterized by high 
silica content. Silica can combine with various proportions of water, forming 
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different silicic acids like the orthosilicic acid and trisilicic acid which would lower 
the soil acidity (Chau and Lo, 1980). Furthermore, the coarse texture of the soil 
could aggravate the leaching of bases and hence further reduce the soil pH. 
As shown in Figure 3.2, a progressive increase in pH with time was observed in 
granitic areas with a narrow range of 4.29 - 4.50. Soils derived from sedimentary 
areas also recorded increases from 3 to 11 years after fire disturbance (4.45 - 4.60 in 
the upper layer). Volcanic areas, however, experienced a significant decrease in pH 
from V3 to V8 in both layers, but a slight increase was recorded in the upper layer 
from 8 to 11 years. 
The different trends in pH in volcanic areas with the others could be attributed to the 
intrinsic variations affecting the vegetation grown on them. As will be seen in the 
next chapter, volcanic areas experienced a larger increase in the abundance of 
vegetation than the other areas during this period. This could lead to the decrease in 
pH as vegetation can acidify soils through increasing organic and humic acid with 
the increase of SOM from litterfall (Brady and Weil, 2002). 
Another possibility could be the different response of soils to fire due to their 
intrinsic properties. After fire, pH increases as a result of added ashes from burning 
soil organic matter (DeBano et al., 1998). The extent and duration of this alkalinity 
effect of added ashes are a function of several factors, including the fire severity 
(Ulery et al., 1993) which controls the concentration of ash nutrients and quantity of 
ash deposition (Marion et al.’ 1991), and site characteristics such as type of soil and 
species of plant grown on it (Giovannini et al” 1990). Soils derived from volcanic 
rocks are fine textured and less prone to erosion and leaching than the coarse grained 
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soils in granitic areas; hence, it is possible that the alkalinity effect by the ashes could 
have remained for a longer period after the occurrence of fire. A local study 
showed that fire's effect on pH in volcanic soils could last for as long as 3 years 
(Marafa, 1998). While the decreasing pH in volcanic areas could have been a result 
of gradual diminishment of the residual alkalinity effect of added ashes, further 
investigation is needed before conclusion can be made. • 
3.4.3 Total Exchangeable Acidity (TEA) 
Total exchangeable acidity (TEA) is the sum of exchangeable hydrogen and 
aluminum. The mean TEA ranged from 4.90 to 8.40 cmol kg"^  in the upper layers, 
and 3.73 to 8.40 cmol kg"' in the lower layers (Figure 3.3, Appendix 3.3). The 
highest content of TEA was observed in G8 and the lowest in S11. TEA tended to 
decrease down the profile in most volcanic and sedimentary areas except V3 (Table 
3.3). A similar trend was reported in another local study on burnt sites in volcanic 
areas (Marafa, 1998). 
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Figure 3.3 Total Exchangeable Acidity 
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Table 3.3 Total Exchangeable Acidity 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 1 1 � 3 8 : J i 
* upper vs lower ** NS NS NS * *** , * *** * 
^ 0-15cm NS NS NS a b b c b a 
C^  jximTrir.—j.Tjirrrm ii—rmirL.il]ll__..」rl _.r i i:‘ 
d 15:30cm a b b NS NS NS 丨.c a b 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
1 .........I�ll •••...t^  via-1-.11 l....l.l.,liitMUMliaiVllUiLllLI-IU.I..ll 11�I 叫 lUI II : 
Time-since-last-fire 3 yrs 8 yrs 11 yrs 
Parental Material八 G V S G V S | G V S 
^ u p p e r vs lower ** NS * NS * *** 丨 NS *** * 
^ 0-15cm b a a c b a j b b a 
C^  j 二 Mi:’]-n 二 l:roi]~Hc「:--0_gmiu3::Jx:a"Air:r[:n:r:-
15-30cm b b a c b a b b a 
•Layer: t-test, NS: not significant; *:p<0.05; •*:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
Al and H are the acid-forming cations that are largely responsible for soil acidity. 
Hydrogen ions are generated as a net result of a complex series of reactions as soil 
organic matter decomposes, and the decomposition also help solubilize Al from 
mineral surfaces, which is a key factor in the more acid soils. Hence higher Al 
content would likely to be found at the surface soil where most SOM decomposition 
is concentrated. 
The concentration of TEA did not show great changes with time in granitic (0-15 cm) 
and volcanic areas (15-30 cm). But for soils derived from sedimentary rocks, TEA 
content decreased with time (6.78 - 4.90 cmol kg"') and such decrease corresponded 
well with the increase in pH accordingly. 
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3.4.4 Soil Organic Matter (SOM) 
Soil organic matter (SOM) ranged from 2.37 to 6.15% in the upper layers and 1.05 to 
3.53% in the lower layers (Figure 3.4，Appendix 3.4). In accordance with Landon's 
rating (1991), all study sites contained low to very low content of SOM. 
Applicability of ecological "critical level" or rating as Landon's depends heavily on 
the type of soil, climate and many other factors. Having considered this, 
comparison was made with Landon's rating intentionally to give a general picture of 
is being "adequate" in part of the tropical and subtropical areas as little other 
indicators are available. 
In all nine sites, the SOM contents in the upper layers were significantly higher than 
the lower layers by at least 40% (Table 3.4) since litter, the major source of organic 
matter, is most concentrated on the surface of the soil. 
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Figure 3.4 Soil Organic Matter 
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Table 3.4 Soil Organic Matter 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) i Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 | 3 8 11 
u p p e r vs lower *** *** *** *** *** *** 
良 ^^0-15cm a a b a a b ！ N S �N S NS 
^ 15-30cm a a b b a c . b a c 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs 11 yrs ——一 
Parental Material八 G V S G V S G V S 
Upper vs lower *** *** *** *** *** *** | *** *** *** 
^ 0-15cm a c b a c b a b a 
^ 15-30cm a b a a b a a b a 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
There were significant increases in SOM from 3 to 11 years after fire disturbance in 
all three types of parent materials. In the upper layers, there was a slight decrease, 
though not significantly, in SOM from 3 to 8 years after fire in granitic and volcanic 
areas; but a dramatic increase was observed after another three years (63%, 35% 
respectively). Little changes were observed in sedimentary areas and the mean 
SOM content remained at a range of 3.2 — 3.6%. In the lower layers, the trend was 
somehow more consistent; all granitic, volcanic and sedimentary areas experienced a 
decrease (17%, 22% and 32% respectively) from 3 to 8 years after fire, followed by a 
dramatic increase (63%, 56% and 96% respectively) from 8 to 11 years after fire 
disturbance. 
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In this sense, soils from all three types of parent materials seemed to have similar 
traits of SOM accumulation. The major difference lay in the inherent nutrient level 
and in the degree and rate at which they accumulated SOM. Soils from volcanic 
areas had significantly higher SOM content than the other two and VI1 (6.15%) was 
closest to the lower boundary of Landon's rating (1991) of "medium SOM content". 
Both sedimentary and granitic areas lied on the boundary of "very low SOM 
content". 
The accumulation of SOM is affected by many factors, soil texture being one of the 
most influential. Texture exerts great influences on other soil properties because of 
the relationship between particle size and their surface areas. There is a positive 
correlation between surface area and many fundamental soil processes such as water 
holding capacity, plant nutrient holding capacity, rate of release of plant nutrients 
from weatherable minerals, propensity of soil aggregation and growth of 
microorganisms (Brady and Weil, 2002). In this extent, soils derived from volcanic 
rocks had higher clay content, and hence favored SOM accumulation more readily 
than the coarse-grained soils of granitic origin. Another evidence of the effect of 
texture on SOM content was the comparable level of SOM in S l l with G i l . 
Having the highest sand content, S l l was considered to be in the same soil textural 
class as soil derived from granitic areas, and similar SOM content was accumulated 
despite the difference in parent materials. 
Indeed, soils developed from volcanic materials were reported elsewhere to have 
morphological, chemical and physical properties different from those of other 
mineral soils developed under similar climatic conditions (Wada, 1985). They were 
reported to have high surface areas (Maeda et aL, 1977) and organic C retention 
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(Shoji and Ono, 1978) possibly because of the presence and abundance of amorphous 
constituents and/or metal-humus complexes (Shoji and Ono, 1978; Wada, 1980). 
Previous studies showed that SOM tended to build up in the grasslands sustained by 
fire but decreased with the re-establishment of shrubs and forest species as 
decomposition of broadleaf litters was more rapid than of herbaceous litter (Marafa 
and Chau, 1999). The results in this study, however, showed that SOM tended to 
build up gradually once the shrub and tree species were re-established. This pattern 
was particularly clear in the lower layers. 
3.4.5 Total Kjeldahl Nitrogen (TKN) 
The Total Kjeldahl Nitrogen (TKN) content of the soils under investigation ranged 
0.10 - 0.22% in the upper layers and 0.06 - 0.13% in the lower layers (Figure 3.5， 
Appendix 3.5). According to Landon's rating (1991)，the majority of them 
contained low level of TKN (<0.2%) with one exception on the upper layer of VI1 
(0.22%), which was classified as having medium level (0.2 - 0.5%). The upper 
layers of all nine sites contained significantly higher TKN than the lower layers by at 
least 30% (Table 3.5). 
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Figure 3.5 Total Kjeldahl Nitrogen 
Table 3.5 Total Kjeldahl Nitrogen 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 3 8 11 
1 k p e r v s lower *** ** *** _ *** *** [；*** *** . 
^ 0-15cm a a b a a b | a c b 
c3 诚” _ _ _ 丨 胁 — 
^ 15-30cm ab a b b a b | a a b 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs 11 yrs  
Parental Material八 G V S G V S ^ : : : : � : : : � ^ ^ 
upper vs lower *** *** ** *** *** 
^ 0-15cm a b a a b b a b a 
H 識卿丨 _ ,華酬— _ 
15-30cm b c a a b a a b a 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
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TKN resembled closely after SOM, which is the storehouse of TKN in natural 
ecosystem particularly when nitrogen-fixing legumes are lacking. SOM from plant 
residues contains high level of potentially mineralizable N and hence, the increase in 
SOM would potentially intensify soil activity and improve the release of available N 
(Ohta, 1990). The importance of SOM on TKN content was verified with the 
similarity of the patterns they exhibit with time. As in SOM, there was either no 
change or a slight decrease from 3 to 8 years after fire (Table 3.5), followed by a 
significant increase from 8 to 11 years. 
Since nitrogen is the major limiting factor for plant growth in tropics (Young, 1976), 
adequate supply of this nutrient can bring much difference in the rate and mode of 
vegetation development after disturbance (Maithani et al., 1998). The present study 
showed that the content of TKN in volcanic areas, which ranged from 0.17 - 0.22% 
in the upper layer and 0.09 - 0.13% in the lower layer, was significantly higher than 
the granitic and sedimentary sites, thus indicating a higher potential of supporting 
rapid plant growth than the others. 
3.4.6 The Carbon: Nitrogen Ratio (C: N Ratio) 
The Carbon: Nitrogen Ratio (C: N Ratio) ranged from 11 to 17 in the upper layer and 
10 to 16 in the lower layer (Figure 3.6，Appendix 3.6). All sites recorded higher C: 
N ratio in the upper layers than the lower layers. The difference was statistically 
significant in all granitic sites and in most of the volcanic sites (Table 3.6). The 
lowest ratios of 11 and 10 appeared in the upper and lower layers of S8, while the 
highest ratios were recorded in VI1 (17:1 and 16:1 in the respective layers). These 
values were slightly higher than the equilibrium ratio of 10:1 (Landon, 1991) 
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suggesting that the SOM was dominated by relatively low quality litter of low 
decomposition rate. 
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Figure 3.6 Carbon: Nitrogen Ratio 
Table 3.6 Carbon: Nitrogen Ratio 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) t Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 3 8 II 
* upper vs lower * * *** * NS NS NS NS 丨  
^ 0-15cm a ab b a b a b e a b 
d 15-30cm NS NS NS a b b | b a a 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
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(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 11 yrs 
Parental M a t e r i a l ^ G V S G V S j G V S 
~ I upper vs lower * ** NS * * NS | *** NS NS 
Uh — -•.. -i:j：：ijji.jMji11.1-iji： XT J：...:.^rt：--jJi IjBr.i:j.nx-Tim-irrT 
^ 0-15cm a ab b b c a j b b a 
^ 15-30cm a b b b c a 丨 a b a 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
八 Parent Material: ANOVA, sites sharing the same letters are not significantly djfferent (p<0.05) 
To certain extent, C: N ratio was a reflection of the changes in vegetation 
characteristics. As will be seen in the next chapter, there were great changes in 
vegetation composition from S3 to S8 while other areas demonstrated less observable 
difference. Baeckea frutescens covered about 75% area of S3 but on S8, its 
dominance reduced to less than 10% and a significant decrease in C: N ratio was 
recorded. The diminution of the species was probably the main cause of the 
changes in C: N ratio accordingly. 
3.4.7 Mineral Nitrogen 
Mineral Nitrogen is the sum of ammonium nitrogen (NH4-N) and nitrate nitrogen 
(NO3-N). The mean NH4-N ranged from 3.03 |ig g"^  to 13.34 |ig g'^  in the upper 
layers and 2.53 jag g"' to 9.39 |ig g'^  in the lower layers (Figure 3.7，Appendix 3.7). 
The highest values were recorded in V3 and the lowest in G3. For NO3-N, the 
corresponding values were 0.03 [ig g . � t o 2.12 |ig g'^  in the upper layer and 0.03 |ig 
to 1.96 |ag in the lower layer (Figure 3.8, Appendix 3.8). The upper layers 
contained significantly higher NH4-N than the lower layers in all the 8 and 11 year 
sites (Table 3.7). Meanwhile, NO3-N did not differ significantly between layers in 
majority of the sites (Table 3.8). 
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Figure 3.7 Ammonium Nitrogen 
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Figure 3.8 Nitrate Nitrogen 
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Table 3.7 Ammonium Nitrogen 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) j Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 3 8 11 
“ [ u p p e r vs lower NS * ** ** *** *** NS *** *** 
^ 0-15cm a b b c b a a b b 
^ 15-30cm a b ab b a a b a b 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs 丨 —11 yrs …  
Parental Material八 G V S G V S t G V S  
“ [ u p p e r vs lowe7 NS ** NS * *** *** ** *** *** 
I 0-15cm a c b a a a NS NS NS 
一 15-30cm a c b b ab a a a a 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
八 Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
Table 3.8 Nitrate Nitrogen 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 3 8 11 
* upper vs lower NS ** NS NS NS * � j S r S » NS 
^ 0-15cm c b a b a b j. a b c 
口 15-30cm c b a NS NS NS i a b c 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
• # Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
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(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire j 11 y s 
Parental Material八 G V S G V S I G V S 
~ [ u p p e r vs lowe7 NS NS NS ** NS * j NS * NS 
I 0-15cm c b a b a a ' a b b 
15-30cm c b a c b a j a a b.  
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
八 Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
The higher NHU-N content in the upper layer could be attributed to the higher TKN 
level, which is the source of mineral nitrogen, on the surface layer and the fact that 
mineralization and nitrification of organic nitrogen mostly occur in the top 10-cm 
soil layer (Murphy et al., 1998). 
While TKN content was strongly associated with SOM, NH4-N appeared to be more 
pH-dependent. The highest NH4-N contents coincided with the highest pH (e.g. V3 
and S8), and vice versa (G3). Possible explanation could be that the increase in pH 
can lessen the effect of the H/Al toxicity or Ca deficiency that inhibits the microbial 
biomass in acidic soils (Adams and Martin, 1984). This can further increase the 
availability of substrate for mineralizing organisms by increasing the amount of 
soluble organic material (Curtin et al., 1998). The pattern, however, was less 
obvious in other sites with yet narrower range of pH. Further investigation is 
needed before conclusion can be drawn. 
NO3-N did not show the same pattern as NH4-N. Increase of NO3-N was apparent 
in sedimentary areas with time (0.03 - 1.83 |ig g"' in the upper layer and 0.03 - 1.35 
jig g-i in the lower layer). No discernible pattern could be observed in volcanic and 
granitic areas. 
54 . 
In this study, NH4-N predominated over NO3-N (Table 3.9) in all the soils, possibly 
for several reasons. Firstly, fire liberates large quantity of NH4-N (Christensen, 
1973; Khanna and Raison, 1986; Giovannini and Lucchesi, 1997) albeit ephemeral 
whereas fire also adversely affects the nitrifying bacteria such that nitrification 
becomes negligible after fire (Marion et aL, 1991; DeBano et al., 1998). In addition, 
low soil pH encourages the uptake of NO3-N rather than NH4-N, and meanwhile, the 
former is more easily leached from soils (Barber, 1995). Thus, even though NO3-N 
may gradually recover with time in sedimentary areas, NH4-N maintains at a higher 
concentration in the early stage of vegetation development. 
Table 3.9 Mineral Nitrogen 
Site NH4-N (|ig g-i) NO3-N gig g-i) Mineral N (|ig g]) 
0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 
G3 3.03 2.53 4.96 4.48 7.99 7.02 
G8 9.20 4.73 1.47 1.96 10.67 6.70 
G i l 7.37 3.55 0.88 0.94 8.26 4.48 
V3 13.34 9.39 1.41 1.35 14.76 10.74 
V8 9.45 3.80 1.03 1.45 10.48 5.25 
V l l 6.36 3.96 2.12 1.12 8.48 5.08 
S3 4.49 4.43 0.03 0.03 4.52 4.46 
S8 11.94 3.01 0.69 0.48 12.63 3.50 
S l l 8.75 4.75 1.83 1.35 10.58 6.09 
3.4.8 Soil Total and Available Phosphorus 
Total Phosphorous (TP) ranged from 20.02 to 59.91|ig g"^  in the upper layers and 
18.36 to 49.77 [ag g"' in the lower layers (Figure 3.9，Appendix 3.8). The highest 
values in both layers were recorded in V3 while the lowest were in G3 and G8 
respectively. Available Phosphorous (PO4-P) ranged from trace to 3.00 fig g'^  in the 
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upper layers and trace to 1.79 |ig g"^  in the lower layers (Figure 3.10，Appendix 3.8), 
with the highest values being found in V l l and the lowest in G8. 
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Figure 3.9 Total Phosphorous 
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Figure 3.10 Available Phosphorous 
According to the ratings of Landon (1991), any soils with TP content less than 200 
|ig g-i and PO4-P content less than 20 |ig g'^  would be classified as low level; thus the 
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soils under investigation were highly deficient in phosphorous, which is common in 
most acidic soils (Foth and Ellis, 1997). 
Insignificant differences were detected in TP levels between layers in four study sites, 
and four out of the other five sites recorded significant intra-layer difference at 
p<0.05 level only (Table 3.10). In general, hence, the intra-layer differences were 
not highly distinctive. There seems to be a relationship between TP and SOM as 
both TP and SOM increased significantly from 8 to 11 years in most areas, and that 
TP content was the highest in volcanic areas, which also recorded the highest SOM 
level. The relationship is possibly because organic phosphorus constitutes 20 -
80% of the total phosphorus in soils (Foth, 1990; Macklon et al., 1994; Brady and 
Weil, 2002) and hence as SOM builds up during ecosystem development, TP 
accumulates simultaneously. 
Table 3.10 Total Phosphorous 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 3 8 11 
“ u p p e r vs lower NS * * * • NS ** , NS * NS 
U 腳哪 
^ 0-15cm a a b b a b } a b c 
^ 15-30cm ab a b b a ab P a a b 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
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(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 j t s 11 yrs 
Parental M a t e r i a l 八 G V S G V S j G V S  
“ l U p p e r vs lower NS * NS * NS * ^ * -' ** NS 
^ 0-15cm a c B a c b f a b b 
^ 15-30cm a c B a c b i a b e 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
For PO4-P, the upper layers recorded significantly higher PO4-P content than the 
lower layers in all sites except G3 and G8 (Table 3.11). In nature, phosphorus 
recycles in the ecosystem through plant uptake and decomposition, and thus surface 
soils tend to have higher phosphorus contents than subsoils (Barber, 1995). 
Table 3.11 Available Phosphorous 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) | Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 3 8 11 
* upper vs lower NS NS *氺 * 氺* *** *** ** *** 
^ ^ ^ 0 - 1 5 c m b a b a a b NS NS NS 
Cd h^m^m^ifrnmm^ttmmmmi^mmimmmm^ 
^ 15-3Qcm b a a NS NS NS b a ab 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs [ :...‘�.‘ • 11 yrs …: 
Parental Material G V S G V S G V S 
^ upper vs lower NS * *** NS ** ** 丨 氺氺 本本氺 氺* 
^ 0-15cm a ab b a b b a b a 
一 15-30cm NS NS NS a c b I , a, c b 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
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PO4-P was consistently low in all sites, which is very common in acidic soil. The 
lowest values were recorded in granitic areas where trace amount could be detected 
in G8 and G i l . The pattern of PO4-P seemed to be adversely affected by the 
concentration of exchangeable Fe or Mn (Section 3.4.10). In very acid soils such as 
those in this study, available phosphorus is subject to fixation into insoluble forms by 
reaction with Fe, Al and Mn in acidic soils (Foth, 1990; Brady and Weil, 2002). 
Consequently, high acidity and high Fe, Al and Mn contents in soil could reduce the 
content of available phosphorus for plant uptake. 
In volcanic areas, there was a progressive increase in PO4-P from 0.95 and 1.74 |ig 
g-i in V3 to 1.79 and 3.00 |ig g"' in V l l in the 15-30 cm and 0-15 cm layers 
respectively, whereas granitic and sedimentary areas both experienced very sharp 
drops with time. The higher SOM content in volcanic soils could be one of the 
reasons accounting for this increase. Soils high in SOM generally exhibit relatively 
low levels of phosphorus fixation by occupying phosphorus-fixation sites, attracting 
positive charges and hydroxyls on the surfaces of clays and hydrous oxides, and 
chelating with Al and Fe (Brady and Weil, 2002). 
3.4.9 Soil Exchangeable Cations 
Exchangeable Potassium (K) ranged from 0.03 cmol kg'' to 0.25 cmol kg"^  in the 
upper layer and 0.01 cmol kg"^  to 0.14 cmol kg'' in the lower layers (Figure 3.11, 
Appendix 3.9). The highest value was found in V3 and the lowest in S3. All soils 
under investigation contained insufficient amount of exchangeable K with an 
exception in the upper layer of V3 (0.25 cmol kg]). 
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Figure 3.11 Exchangeable potassium 
For exchangeable Calcium (Ca), the range was 0.03 cmol kg'^  - 0.34 cmol kg'^ and 
0.03 cmol kg-i - 0.14 cmol kg'^  in the upper and lower layers respectively (Figure 
3.12, Appendix 3.9). Like exchangeable K, the highest values were found in V3 
while the lowest in G3. Although there was higher Ca content in the soil than other 
bases, it was still exceedingly low when compared to the rating of Landon (1991). 
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Figure 3.12 Exchangeable Calcium 
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The range for exchangeable Magnesium (Mg) was 0.03 - 0.17 cmol kg"' in the upper 
layers and 0.03 - 0.09 cmol kg"^  in the lower layers (Figure 3.13，Appendix 3.9). 
The highest values were found in V3 but the lowest were in G3. All soils contained 
insufficient levels of Mg (<0.5 cmol kg"^). 
J m ^ 0-1 5 cm 
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Figure 3.13 Exchangeable Magnesium 
Exchangeable Sodium (Na) ranged from 0.02 cmol kg ! to 0.25 cmol kg"^  in the 
upper layer and 0.04 cmol kg'^ to 0.25 cmol kg'^ in the lower layer (Figure 3.14， 
Appendix 3.9). The highest value was found in S l l and the lowest in G3 for upper 
layer but in G i l for lower layer. No site contained excessive Na (>1.0 cmol kg]) in 
accordance with Landon's rating. 
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Figure 3.14 Exchangeable Sodium 
Exchangeable K, Ca and Mg were very alike in many aspects (Tables 3.12 - 3.14). 
For intra-layer differences, the upper layers of most sites were found to be 
significantly higher in cation contents than their lower counterparts. This agreed 
with the findings of other local studies on fire-affected sites (Marafa and Chau, 1999; 
Chan, 2002). The major source of K, Ca and Mg on soil surface could possibly be a 
return of nutrients from plant foliage by rainwater, or by the decomposition of plant 
residues (Brady and Weil, 2002). 
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Table 3.12 Exchangeable Potassium 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) ] Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 | 3 8 11 
upper vs lower * *** *** *** *** *** | *** *** *** 
Vh irii-nrinmTHriiTTnir-
^ 0-15cm a b c b a a i a c b 
a 貧：丨聊聊 
一 15-30cm a b c c a b [ a b a 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs II yrs 
Parental Material^ G V S G V S | G V S 
Upper vs lower * *** *** *** *** *** *** *** *** 
^ 0-15cm b e a a b b a b b a 
Cd t、mmmm 職m^mirnmsmf^Ssdmm^mMmm 
15-30cm b c a b b a c b a 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
八 Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
Table 3.13 Exchangeable Calcium 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 3 8 11 
raw丨 
* upper vs lower NS NS *** 氺** *** *** *** NS *** 
^ 0-15cm a b b b a a b b a 
15-30cm a b a b b a a b a 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
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(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs ； _ 11 yrs . 一_ 
Parental Material G V S G V S G V S 
“ [ u p p e r vs lower NS *** *** NS *** NS j *** *** *** 
良 0 - 1 5 c m a c b a b b j NS NS NS 
d 15-30cm I a b b NS NS NS ！ a a b 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
八 Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
Table 3.14 Exchangeable Magnesium 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 3 8 11 
upper vs lower ^^S *** *** *** *** *** *** ** *** 
^ 0-15cm a b c b a a b b a 
^ 15-30cm a b b c b a j b b a 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs 11 yrs 
Parental Material^ G V S G V S 
upper vs lower *** *** *** *** ** *** *** 
(-H 、—hm—mm^M、、mmmmmm>m^ 麵mm 
0-15cm a c b a b b [詹丨，,—卜―了丨：’…—,: 
^ 15-30cm a b b a b c l a a a 
^••mr'ffW "•,<,.• r 1.-,..n.、n,r f, T, 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
The low content of K, Ca and Mg can be attributed to their mobile and easily 
leachable nature, and to the dominance of the soils by halloysitic clay which has 
exceedingly low adsorption sites (Chau and Lo, 1980). Chau and Lo have similarly 
reported low contents in Tai Tong and Wu Kau Tang areas, where granitic and 
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sedimentary sites of the present study were located. 
Exchangeable K, Ca and Mg exhibited high level of similarity with the changes of 
pH with time. The increase shown in the granitic areas with time could be a result 
of ecological development which favors cation accumulation in surface soil through 
increasing litterfall, better root development and greater ability of roots of higher tree 
species to extract bases from deeper soils. Whereas in volcanic areas, a decrease 
was recorded from 3 to 8 years after fire. This could be attributed to the greater 
demand for nutrients in supporting the vigorous plant growth as will be seen in the 
next chapter, the number of woody plants increased threefold during this period. 
Changes in sedimentary areas differ from soil pH as after the increase from 3 to 8 
years, there was a significant decrease rather than no change in the exchangeable K, 
Ca and Mg. 
In general, volcanic areas have higher exchangeable K, Ca and Mg contents than the 
sedimentary areas; and granitic areas had the least amounts. The coarse texture of 
granitic soils could have made it subject to more severe leaching of bases than the 
other finer-grained soils; hence its cation content was low throughout the study. 
The low exchangeable K in the sedimentary areas was an inherent characteristics of 
sedimentary rocks which commonly lack K-releasing minerals like feldspar and mica 
(Foth and Ellis, 1997). 
Exchangeable Na did not follow closely the patterns in the other three exchangeable 
cations. The difference between layers were either insignificant or were highly 
significant (Table 3.15). No discernible patterns could be observed. Granitic areas 
experienced an increase in Na content from 3 to 8 years after fire disturbance, then 
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decreased at 11 years; however, sedimentary areas demonstrated the opposite trend 
with a decrease followed by a significant increase. 
Table 3.15 Exchangeable Sodium 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) 1 ‘ Sedimentary (S) 
_  i U j 碰 聊 • ： 一 
Time-since-last-fire# 3 8 11 3 8 11 | 3 8 11 
* upper vs lower *** NS *** ** *** NS | NS *** NS 
I 0-15cm a b b NS NS NS b a c 
15-30cm a b a b b ‘ a | a ^ a. b . 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
* Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
^ � — — 
Time-since-last-fire 3 yrs 8 yrs } 11 yrs  
Parental Material八 G V S G V S 
* upper vs lower *** ** NS NS *** *** 爾 NS NS 
^ 0-15cm a b c b c a a b c 
CO 工 师 rmoic. 
^ 15-30cm a b b a b ab I a b c 一 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
Total Exchangeable Base was the sum of exchangeable K, Na, Ca and Mg (Table 
3.16). In general it increased from 3 to 8 years and then decreased from 8 to 11 
years and was lowest in granitic areas. 
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Table 3.16 Total Exchangeable Base 
Site TEB (cmol kg]) 
0-15 cm 15-30 cm 
G8 0.42 0.31 
G i l ^  
V8 0.56 0:39 
V l l ^ ^  
S8 0.55 0.44 
S l l ^ 0.39 
3.4.10 Effective Cation Exchange Capacity and Base Saturation 
Effective Cation Exchange Capacity (ECEC) is a value given to indicate the capacity 
of a tropical soil to hold cation nutrients. It is the sum of the exchangeable K, Mg, 
Ca, Na, Al and H that a soil can absorb in its natural state. The range of ECEC in 
the soil under investigation was 5.40 - 8.98 cmol kg"^  for the upper layers and 4.16 -
8.65 cmol kg-i for the lower layers (Figure 3.15, Appendix 3.10). V l l recorded the 
highest value of 8.98 cmol kg"^  and S9 recorded the lowest of 5.40 cmol kg'' on the 
upper soil layers. 
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Figure 3.15 Effective Cation Exchange Capacity 
ECEC followed closely the patterns of TEA (Table 3.17) since exchangeable 
aluminum and hydrogen accounted for over 85% of the ECEC. On that account, 
granitic areas, which had relatively higher exchangeable acidity, had slightly higher 
ECEC than the other two areas. 
Table 3.17 Effective Cation Exchange Capacity 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) ； Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 r 3 8 11 
* upper vs lower ** NS NS NS NS ** 丨」一 ** **  
I 0-15cm NS NS NS a a b r ' l " 
15-30cm a b b N S N S 
1 1 ••iVp-r-.ii-r-. -r r n - r - - w - V - - - - - i-,『.,’..".:’,々 •,•.,. 
� *Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
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(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs \ 11 yrs 
Parental Material八 G V S G V S j G V S 
* upper vs lower ** NS * NS NS ** NS ** ** 
^ 0-15cm a a a b b a b b a 
C^  I IwawnwBMiiiiwinnwawwirrwMiMMMiKWiMirtlw—w 
^ 15-30cm a a a c b a b b a 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
In acidic soil, ECEC per se is far less important to the soil's nutrient supplying power 
than percentage base saturation (BS), which is the proportion of exchangeable bases 
(Ca, Mg, K and Na) to the ECEC (Schoenholtz et al., 2000). The range of base 
saturation in granitic areas was 1.4 - 5.61% in the upper layer and 2.34 - 3.84% in 
the lower layer (Figure 3.16，Appendix 3.10). The corresponding ranges for 
volcanic areas and sedimentary areas were generally higher than the granitic areas 
(Table 3.18). Volcanic areas ranged from 6.60 - 12.20% and 3.69 - 6.69% in the 
corresponding layers, and sedimentary areas 7.25 - 10.28% for upper layers and 
5.24 — 11.29% for lower layers. 
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Figure 3.16 Base Saturation 
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Table 3.18 Base Saturation 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) | Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 ‘ 3 g 
* upper vs lower * NS *** ** *** *** ‘ *** NS * 
^ 0"15cm a b b b a a j a a b 
^ 15-30cm a b a b b a I. a b b 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
* Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
1 .IIJ^UI ilAiULUUJUl 丨 V丨〜"1丨川 IJIL" 
Time-since-last-fire 3 yrs 8 yrs j � 11 yrs  
Parental Material八 G V S G V S | G V S 
* upper vs lower * ** *** NS *** NS *** *** * 
^ 0-15cm a c b a b b a a b 
CQ •LTtmtJ^ rmmm.;; - r r v ' T l r r . T 
口 15-30cm a b b a b c a a b 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
Base saturation followed the general patterns of exchangeable K, Ca and Mg. The 
highest base saturation in the upper layers was found in V3 (12.2%) as this site had 
recorded the highest values of the three exchangeable cations. The highest base 
saturation in the lower layer was found in S8, which also agreed reasonably well with 
the lower level of TEA recorded. 
According to Landon's (1991) ratings, the base saturation in all soils under 
investigation were considered to be low (<20%). This is a characteristic of acidic 
soils and such low levels of BS indicated that the growth of vegetation on such soils 
was likely to be inhibited. 
70 . 
3.4.11 Soil Trace Elements 
Other than those elements studied in the previous sub-sections, four other 
exchangeable cations, namely iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu) 
were studied not only because of its essentiality for plant growth (Hunt, 1972), but 
more importantly because different parent materials can give rise to soils with highly 
distinctive content of these trace elements. 
Contents of exchangeable Fe varied tremendously among soils, ranging from 9.61 to 
351.23 ppm in the upper layer and 7.08 to 119.57 ppm in the lower layer (Figure 3.17， 
Appendix 3.11). Mn, Cu and Zn demonstrated less conspicuous variations. The 
corresponding values for Mn were 0.99 - 8.47 ppm and 0.48 - 4.77 ppm in the upper 
and lower layers respectively (Figure 3.18, Appendix 3.11). Exchangeable Zn 
ranged from 1.35 - 3.13 ppm in the upper layers and 0.88 - 2.79 ppm in the lower 
layers (Figure 3.19，Appendix 3.11) while the corresponding values for exchangeable 
Cu were 0.81 to 2.63 ppm and 1.19 - 4.60 ppm (Figure 3.20，Appendix 3.11). The 
four trace elements are less frequently associated with deficiency problems in the 
tropics as they are abundant in acidic soils. 
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Figure 3.17 Exchangeable Iron 
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Figure 3.18 Exchangeable Manganese 
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Figure 3.19 Exchangeable Zinc 
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Figure 3.20 Exchangeable Copper 
Exchangeable Fe, Mn and Zn decreased in content down the profile in majority of 
the sites (Tables 3.19 - 3.21), except G8 and V3. The high concentration of trace 
elements on surface layers was similarly reported by Chan (2002) in a study of soils 
on fire affected sites in volcanic areas. The decrease with soil depth could be a 
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result of efficient micronutrient cycling which allow rapid return of these nutrients to 
the surface soil in the form of litter. Exchangeable Cu, however, recorded higher 
content on the lower layers than in the higher layers on all sites although not all 
values are statistically significant at p<0.05 level (Table 3.22). 
Table 3.19 Exchangeable Iron 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) - Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 - 11 卜 3 8 11 
if t: jn^ j；^  她:•二、. 虹 —  
upper vs lower * *氺* *** ^fS ** ** *** * 
^ 0-15cm c a b b a b b c a 
Cd IIIII山imi in iiiiii_ii i ii i. -i i ii i 
15-30cm c a b b a b b c a 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs j 11 yrs 
Parental Material^ G V S G V S j G V S 
* Upper vs lower * N^ *** *** ** *** 丨 *** ** * 
^ 0-15cm a B c a b c a b a : 
c d �II - J.I I..誦很.I「耀 ^  仏 f m 1 ]「]—. - - jQrii. 1. --' 
15-30cm a A b a b c —a ………b … a . ,  
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
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Table 3.20 Exchangeable Manganese 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) Sedimentary (S) 
Time-since-last-fire# 8 11 3 8 11 ！ 3 T “ ~ 
upper vs lower ** ** *** ** *** ； *** ** *** 
^ 0-15cm a a b c b a j a b ab 
^ 15-30cm a b b c b a [ . a b b 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs — 一丄‘ 11 yrs  
Parental Material^ G V S G V S ['"""g ' 
upper vs lower ** *** *** ^^S ** ** ! ** *** *** 
I 0-15cm a c b NS NS NS b a a 
15-30cm a b a b a a c a b 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
Table 3.21 Exchangeable Zinc 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) Sedimentary (S) 
Time-since-last-fire# 8 11 3 8 1 1 � " � . : " " ' � � J J " 
* upper vs lower * NS _ NS *** *** ** NS _ 
Uh ‘ f niiniiiiLijiiiiiiini-> fnfi-niiiiii m 
>> 0-15cm a b c b b a a b a 
15-30cm a b b c b a j a b a 
•••1- • . -• I. •• -•-— ^―—- ..I,-. I I . viV'il.wi'lli* Vi iKi-tlKVi Vi ifi- h > w I^i t • r [ V [ ni i tTri -lan 1^1 ii i 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
# Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
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(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs 11 yrs 
Parental Material八 G V S G V S ! _ G V S 
* upper vs lower * NS ** NS _ NS *** *** *** 
^ 0-15cm b c a a b b 丨 c b a 
15-30cm a b a a a a i b a a 
*Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
A Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
Table 3.22 Exchangeable Copper 
(a) Different time-since-last-fire, same parent material 
Parent Material Granitic (G) Volcanic (V) Sedimentary (S) 
Time-since-last-fire# 3 8 11 3 8 11 3 8 11 
* upper vs lower NS NS NS * NS NS * *** * 
^ 0-15cm ab a b N S N S N S ' • . ‘ � “ ' : ' � ~ 
15-30cm b a b b a a [ b c a 
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
* Time-since-last-fire: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
(b) Different parent materials, same time-since-last-fire 
Time-since-last-fire 3 yrs 8 yrs 11 yrs 
Parental Material^ G V S G V S G…_ V S . : 
^ I upper vs lower NS * * NS NS *** NS NS * 
^ 0-15cm b b a a a a c b a 
15-30cm b b a a a b b a a 
、…一�A  
•Layer: t-test, NS: not significant; *:p<0.05; **:p<0.01; ***:p<0.001 
八 Parent Material: ANOVA, sites sharing the same letters are not significantly different (p<0.05) 
Exchangeable Zn, Cu and Mn demonstrated certain levels of similarity with 
exchangeable Ca, K and Mg in their changes with time as both were closely related 
to pH. The only difference was that for exchangeable Zn, Cu and Mn, the decrease 
in volcanic areas from 3 to 8 years after fire continued rather than stabled off from 8 
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to 11 years. Some scholars (Kishk and Hassan, 1973; Ma and Lindsay, 1993) have 
reported that heavy metal concentrations in soil solutions are largely controlled by 
pH because an increase in pH leads to deprotonation of dissociable -OH groups on 
surface exchange sites, resulting in increased soil adsorption capacity and to the 
formation of hydroxo-complexes of metal ions in soil solution. 
There was a distinct difference in Fe content among soils from different parent 
materials and the changes with time exchangeable Fe exhibited were different from 
the other trace elements. The general order of content of Fe was sedimentary > 
volcanic > granitic areas in 3 and 8 years after fire, and volcanic > granitic > 
sedimentary 11 years after fire. Soils sampled form the reddish purple siltstone in 
Wu Kau Tang had extremely high Fe content (165.9 — 351.2 ppm in upper layers and 
51.9 - 119.5 ppm in the lower layers). The influence of parent material on soil Fe 
contents was large as the reddish purple siltstone has a large constituent of iron 
oxides. 
3.5 Conclusion 
From the results of the present chapter, the following conclusions can be drawn: 
> 1. Soils derived from granitic rocks were classified as sandy clay loam and sandy 
loam. They were characterized by a high sand content of 50 - 65%. Volcanic 
rocks gave soils with a much higher clay content of 27 - 48% and were classified 
as clay, clay loam and sandy clay loam. Higher silt content (36 - 41%) was 
observed in sedimentary siltstone with the exception of S l l . Soils were 
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classified as clay loam, loam and sandy loam while S l l was classified as sandy 
clay loam. 
2. The soils under investigation were highly acidic with a narrow range of pH of 
4.29 - 4.75. In granitic areas, pH increased progressively with time from 4.29 -
4.50. Volcanic areas, however, recorded a significant decrease from 3 to 8 years 
after fire and then a very slight increase from 8 to 11 years after fire. The pH in 
sedimentary areas increased from 3 to 8 years after fire, but a slight decrease was 
followed. 
Granitic areas were slightly more acidic than the others with lower pH and higher 
TEA ranging 7.03 - 8.40 cmol k g - � C o m p a r a b l e amount of TEA (6.68 - 8.38 
cmol kg-i) was recorded in volcanic areas but sedimentary areas had a 
significantly lower range of 3.73 - 6.78 cmol k g \ 
3. SOM contents ranged from 2.37 to 6.15% in the 0-15 cm layers and 1.05 to 
3.53% in the 15-30 cm layers. Retention of SOM seemed to be a function of 
soil texture; higher SOM contents were recorded in the fine-grained volcanic 
areas in all years (4.57 - 6.15% and 2.26 - 3.53% on the upper and lower layers 
respectively). All three types of parent materials exhibited very similar pattern 
of SOM accumulation. There was a slight decrease from 3 to 8 years after fire 
which was followed by a more significant increase from 8 to 11 years after fire. 
TKN ranged 0.10 - 0.22% on upper and 0.06 — 0.13% on the lower layers, and 
the corresponding ranges for TP were 20.02 - 59.91% and 18.36 - 49.77%. 
TKN was a close reflection of the SOM content while TP also in certain ways 
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resemble the characteristics of the SOM. Higher levels of TKN and TP were 
recorded in volcanic areas. 
4. Mineral nitrogen ranged from 4.51 - 14.76 fig g"^  in the upper and 3.28 - 10.74 
|ig g-i in the lower layers with NH4-N predominating over NO3-N in all soils. 
The corresponding contents for PO4-P were trace to 3.00 |ig g"^  and trace to 1.79 
|ag g-i. Changes in both NH4-N and PO4-P with time appeared to be influenced 
by soil pH dynamics. While higher NH4-N tended to be associated with higher 
pH and vice versa, PO4-P exhibited the opposite pattern as pH. No discernible 
pattern could be observed for NO3-N. In general, volcanic areas had slightly 
higher NH4-N and PO4-P than the other areas. 
5. Exchangeable bases contents were highly deficient in all soils. Total 
exchangeable bases ranged 0.12 - 0.87 cmol kg ! in the upper layers and 0.14 -
0.53 cmol kg-i in the lower layers and the lowest values were observed in granitic 
areas. Pattern of nutrient accumulation was very much alike in exchangeable K, 
Ca and Mg over the various rock types; they appeared to follow the pH dynamics. 
Meanwhile, exchangeable Na did not show any discernible pattern. Distinctive 
trends were therefore observed in areas of different parent materials. 
6. The C: N ratio ranged from 10 to 17 and the occurrences of significant changes 
mostly coincided with major changes in vegetation type. ECEC ranged from 
5.40 - 8.98 cmol kg'' in the upper and 4.16 - 8.65 cmol kg'� in the lower layers. 
Granitic and volcanic areas had higher ECEC contents than sedimentary areas as 
they both had higher levels of TEA. Base saturation ranged from 1.4 - 12.20% 
and 2.34 - 11.29% on the upper and lower layers respectively. It in general 
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followed the pattern of exchangeable K, Ca and Mg and hence was also closely 
related to trends in soil pH. 
7. Exchangeable Mn, Cu and Zn demonstrated certain levels of similarity with 
exchangeable Ca, K and Mg in their changes along with time as both were 
closely related to pH. 
Exchangeable Fe was the nutrient that was most significantly affected by the 
difference in parent materials. The exceedingly high Fe content in soils derived 
from the reddish purple siltstone presented most vividly the immense influence of 
parent rock's mineralogy on certain soil nutrient contents. Similarly, higher Fe 
content was recorded in volcanic areas than in granitic areas. 
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CHAPTER 4 
EFFECTS OF PARENT MATERIAL ON VEGETATION 
DEVELOPMENT ON FIRE-AFFECTED SITES 
4.1 Introduction 
After disturbance, natural regeneration takes place as a result of a chain of 
component processes occurring over years, from recruitment of seeds to 
establishment of seedlings, and to replacement by later-successional species till the 
climax community is reached. The success of each of these processes, the rate of 
attaining these processes, and the species composition involved in these processes 
are determined by the interactions between various factors. These factors include 
the disturbance regime like fire severity, frequency, scale (Hassan and West, 1986; 
Uhl, 1988; Morrison et al” 1995; Whittle et al., 1997; Rydgren et al” 1998), the 
biology of species present including life history, physiology, behaviour (Christensen, 
1985; Pickett and White, 1985), the seed availability such as distance to seed sources 
and intensity of seed predation (Nepstad et al, 1991; Hau, 1997; Nathan and 
Ne'eman, 2000; Wijdeven and Kuzee, 2000; Zimmerman et al, 2000). 
In addition, the rate and pattern of vegetation regeneration are highly contingent on 
three groups of environmental factors: climate, parent materials (soil) and 
topography (Singh and Tripathi, 1992; Tegelmark, 1998). Each of these factors 
may be of varying importance in determining the type of vegetation grown and the 
rate of vegetation regeneration (Stendahl et al., 2002). Indeed, while climatic 
factors are of primal importance in vegetation development in a regional scale, the 
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growth of vegetation is mainly determined by the character of the parent material 
(Jenny, 1980; Kruckeberg, 2002). The influence of parent material on vegetation, 
however, may not be direct except in extreme cases where soils are so thin that plant 
actually grows into the parent rocks. Even then, the actual impact of parent 
material might be difficult to decipher. In most cases, most higher plants do not 
show preferences for igneous, sedimentary, or metamorphic rocks per se as preferred 
habitats; it is mostly the weathered products of rocks - soils — that select certain 
species from a region's available flora (Kruckeberg, 2002). While edaphic factors 
are of great importance in affecting the water and nutrient availability and hence 
favoring or constraining the attainment of high growth rates (Tegelmark, 1998)， 
parent materials, could be the controlling factors behind such processes. 
Distribution of various types of vegetation has been reported to be related to the 
edaphic factors. For plant growth, the most important soil properties are texture, 
structure, moisture holding capacity and drainage, nutrient status, organic matter 
content and pH (Cole, 1986). Some of these indices have been investigated and 
reported in Chapter 3. Askew et al (1970) suggested that the distinct boundary 
between savanna and forest is mostly caused by the difference in soil texture, relating 
primarily to bedrock geology which exerted a critical influence on soil moisture 
relationships. In South East Asia, Blasco (1983) presented evidence of close 
relationships between the form and distribution of the deciduous open dipterocarp 
woodlands with edaphic conditions, which were dependent on parent material and 
local topography. These woodlands were restricted to areas with acid lithosols or 
skeletal soils or with red and yellow Podzols or grey Podzolic soils. Furthermore, 
Webster (1965) found that within the savanna woodlands, the individual vegetation 
associations and even particular tree species reflected differences in water relations 
82 . 
and in the texture and mineral status in the soils that were related to relief and 
drainage, parent material and the degree of weathering. The distribution of these 
associations might be governed primarily by soil conditions that were determined by 
geology and geomorphology. A more recent study by Priadjati (2002) showed that 
in a green house setting, the growth and performance of seedlings on fire-affected 
soils of different textural classes were primarily related to the nutrient content of the 
potting media. Some soils were more favorable to some species and others were 
less suitable. For instance, sandy loam and loam were better than sandy clay loam 
as substrate media for dipterocarp species. 
Studies on vegetation growth along lithosequences are scarce throughout the 
literature. Earlier, Whittaker (1960) observed a dramatic vegetational response to 
the lithological sequences both in terms of physiognomy of the plant cover and the 
species composition. Another study by Whittaker and Niering (1968) revealed 
distinct contrasts along transects from acid soils and rocks to limestone substrate. 
More recently, Kruckeberg (2002) outlined the strikingly different vegetation 
composition in response to changes in a full range of parent materials in North 
America. While these observations were largely built on exceptional lithologies 
such as serpentine, ultramafic and carbonate rocks, little was mentioned about the 
vegetational and floristic differences between rock types that have no sharp contrasts 
in physical or chemical properties, but yet more commonly found in reality. 
Among the scanty studies focusing on a lithosequence of the more subtle, yet more 
common rock types, Welch and Klemmendson (1973) reported that nutrient and 
biomass for Pinus ponderosa and grassland in northern Arizona varied along a 
lithosequence involving several volcanic parent materials and sedimentary rock. 
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No mention was made of any significant floristic differences for the several parent 
materials. Another study of a forest ecosystem in the southwestern Oregon by 
Parsons and Harriman (1975) ranged across a rich variation of parent materials and 
the biotic response to this lithosequence was a change in biomass production. Brief 
mention was made of differences in species composition of the subordinate plant 
cover of the woodland, from one lithology to the next one. 
In a more recent study on natural vegetation regeneration on a lithosequence, 
Kosmas et al (2000) also found that physical characteristics of the parent materials 
greatly influenced the establishment of vegetation. Soils from different parent 
materials exhibited different capacity to regenerate natural vegetation and led to 
different erosion rates. It was also found that the nature of parent material became 
increasingly important in vegetation establishment and land protection as soil depth 
was reduced due to erosion. 
While these overseas studies were conducted mostly in the temperate zone, will these 
effects of parent materials be observable in the sub-tropical regions like Hong Kong? 
Other than species composition, how will the rate of regeneration on different parent 
material be different? The study of Kosmas et al (2000) was conducted on lands 
subject to clear-cutting while the others are on largely undisturbed areas; will similar 
vegetation response be observed on fire-affected sites? Moreover, these studies 
covered a range of rock types, but many of which cannot be found in Hong Kong. 
How do plants respond to the rock types that are common in Hong Kong? 
The number of studies on the effect of parent materials on regeneration of natural 
vegetation on fire-affected landscape is limited both locally and worldwide. Of the 
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many studies that have examined post-fire plant communities, few have incorporated 
an element of parent materials into the framework to predict plant regeneration. 
Local literature concerning fire disturbance on regeneration found that 6 shrub 
species covering 10.5% of the area surveyed regenerated 15 months following a fire 
in a hillside of granitic origin (Thrower, 1975). An addition of 4% cover occupied 
by tree was reported in another site nearby that had not been burnt for at least 5 years. 
Yau (1996) further studied the vegetation regeneration patterns in volcanic areas 
during the first year after fire. It was found that a return of 94% vegetation cover 
was achieved nine months after fire disturbance, 5 species were shrub species out of 
a total of 14. Hau (1999) also studied the floristic composition of some naturally 
developed shrublands on degraded hillside in Hong Kong. Other than these, little 
information on the natural regeneration in Hong Kong has been documented. 
Little is known about the general impact of burning on soil and vegetation 
regeneration underlying different parent materials. Furthermore, there are few 
studies which address the issue of when a land can be abandoned and left for self 
regeneration under certain soil and climatic conditions. An attempt has been made 
in this study to evaluate the effect of parent material on soil evolution and vegetation 
recovery following fire without human intervention. Through its influence on soil 
and topography, parent materials could be an important factor in determining the 
success of natural regeneration, just as how it affects vegetation growth on 
non-disturbed sites. 
While the results of the previous chapter showed that soils of different parent 
materials vary in their pattern of recovery and rate of recovery, how will it affect 
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recovery and species composition of the plant communities? What role will parent 
materials play in the regeneration pattern and rate of growth of natural vegetation? 
The lack of such information poses serious limitations to ecological management 
aimed at diversity conservation and maintenance of habitat qualities. 
Understanding how parent materials affect vegetation is often a key to holistic, 
ecosystem-based natural resource management. 
Findings from this chapter will answer the following questions: 
1. What are the floristic characteristics of the naturally regenerated vegetation 
communities in general after fire disturbance? 
2. What are the most abundant and potentially fast-growing species naturally 
regenerated after fire disturbance? 
3. What are the changes in species richness in areas of different parent materials? 
4. How does the abundance of woody species change with time on different parent 
materials? 
5. Is there any pattern of changes in species diversity and evenness of the naturally 
regenerated vegetation with time? 
6. How are the sites grouped according to their similarities in species composition? 
What role does parent material play and how? 
7. What are the species that can be established on granitic, volcanic and 
sedimentary areas? And what species can be found in all three areas? 
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4.2 Methodology 
4.2.1 Field Survey 
Vegetation survey was conducted on the same nine sites as the soil study between 
August and December 2002. Four quadrates of 5m x 5m were demarcated along 
the same transects where soil sampling was done, covering a total sampling area of 
100 m2 on each site. Where possible, all quadrates were sampled at 5 m from the 
nearest path to avoid disturbance and edge effect. 
All woody plant including trees, shrubs and woody vines observed within each 
quadrate were identified to species level. The height and stem basal diameter (SBD) 
of each woody individual were recorded in accordance with procedures described by 
Muller-Dombois and Ellenberg (1974). In order to compile a comprehensive plant 
list for the area studied, other plant species noted outside the quadrate were also 
recorded separately in a walk survey. 
For those plant species that could not be identified on the site, representative 
specimens were collected for later identification in the laboratory or taken to the 
Herbarium of the AFCD for identification. For those not identifiable at the species 
level, effort was made to identify their genera or families instead. 
4.2.2 Nomenclature 
The nomenclature and the life forms used in this work follow that of the Check List 
of Hong Kong Plants 2001 (Anon., 2002). For the purpose of data analysis, species 
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which are classified as "shrubs or small trees" by the checklist were further divided 
into either "shrubs" or "trees" based on the following definition: shrubs were defined 
as a plant species which are perennial, woody, stems at the base, and do not exceed a 
maximum height of 5 m (Thrower, 1984b); and a tree is defined as a self supporting 
woody plant that is potentially able to attain a height of or over 5 m (Zhuang, 1997). 
4.3 Statistical Analysis 
4.3.1 Floristic Analysis and Indices 
Species richness represents the cumulative number of species recorded in each site, 
and species abundance represents the cumulative number of individuals in each site. 
In order to ensure the comparability of the datasets, all three indices stated below are 
based on species recorded inside the quadrates only. For species richness, 
additional information of the number of species encountered in Walk Survey is also 
given. 
The data from floristic analysis was also calculated for diversity, evenness and 
similarity for inter-site comparison. 
Species diversity was quantified for each site by the Shannon-Wiener diversity index, 
H' (1949)as 
Diversity H' = - S pi In pi 
where s = the number of species 
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Pi = the proportion of individuals or the abundance of the ith species 
expressed as a proportion of total cover 
In = log bascn 
Evenness index, J, of the plant species, was computed according to Pielou (1966) as 
Evenness J = H' / In s 
where H' = Shannon-Wiener diversity index 
s = the number of species 
The coefficient of similarity, Ss, Sorensen (1948) between sites were determined as 
Similarity Ss = 2a / (b + c) 
where a = number of species common to both quadrates 
b = number of species in one quadrate 
c = number of species in another quadrate 
4.3.2 Ordination 
Ordination analysis was carried out to study the association of vegetation samples in 
terms of their similarity of species composition and their associated environmental 
� conditions, so that the degree of environmental effects on species vegetation can be 
determined. Detrended Correspondence Analysis (DCA) (Hill, 1979a) was the 
ordination technique adopted in the present study. It is an indirect gradient analysis 
as it examines the variation within the set of vegetation independently of the 
environmental data. 
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The results of DCA are expressed with the species or samples plotted against one, 
two or three axes, each axis corresponding to a dimension in space. The greatest 
gradient of variation across the dataset was depicted along the first axis, and the 
second largest along the second axis (Kent and Coker, 1995). A clustering of 
samples (sites) in the ordination represents sites that are similar in species 
composition. The further apart any two sites are, the more dissimilar or different 
they will be. 
DCA is a popular ordination technique among ecological studies because of its 
ability to reduce the problem of axis lengths distortions (Jongman et al, 1995). It is 
preferred over the direct gradient analysis in cases where general patterns of 
coincidence of several species are of interest. It is also preferred when the focus is 
more on the question of which combinations of species can occur, and less on the 
behaviour of particular species (Jongman et al., 1995), and both are the case in this 
study. 
In order to detect possible environmental gradients, environmental data studied in the 
last chapter are compared and correlated with the mutual positions of the sites in the 
ordination diagram by Spearman's rank correlation coefficients. 
4.3.3 Classification 
Cluster analysis was performed to classify study sites into groups on the basis of 
their floristic composition, to give information on the concurrence of study sites and 
species. Two-Way INdicator SPecies ANalysis (TWINSPAN) (Hill, 1979b; Gauch 
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and Whittaker, 1981) which employs the idea of pseudo-species was performed in 
this study. It differentiates the abundance of the species into different 
pre-determined levels and then dichotomizes sites and species successively on each 
reciprocal averaging axis with the help of 'indicator species'. This results in a 
two-way ordered table that groups the species and samples (sites) into different 
classes. The sites are grouped on the basis of similar species composition so each 
group represents a vegetation community, while species are grouped sharing similar 
habitat requirements. A hierarchical dendrogram, and the distribution pattern of 
each group is then presented. 
TWINSPAN is one of the most widely used techniques in vegetation studies for its 
high performance and reliability (Kent and Coker, 1995). It is particularly suitable 
when a dataset is complex, noisy, large or unfamiliar, which is the case in most 
ecological studies. 
When DCA is performed with TWINSPAN, they are known as 'complementary 
analysis' (Kent and Ballard, 1988). DCA can determine the extent to which the 
TWINSPAN dichotomies reflected real discontinuities in the floristic data, and to 
check whether the classification results reflect in an adequate way the main floristic 
gradients in the dataset, ordination analysis was carried out. The classification and 
ordination results were combined by displaying the clusters formed by TWINSPAN 
. on the DCA scatter plot of the sample ordination. This can provide information on 
the group structure of the data and extent to which the sites are or are not distributed 
as a continuum (Kent and Coker, 1995). 
Both analyses were performed with a statistical package PC-ORD version 4 by Mjm 
91 . 
software®. Species abundance data were represented by log-transformed basal 
areas and default settings were used in all three analyses except that the 
pseudo-cut-levels were set to 0，3.55, 4.25，5.65, 6.5, 8 according to the 
Braun-Blanquet scale of abundance (Mueller-Dombois and Ellenberg, 1974) in 
TWINSPAN in order to retain the nature of vegetation data. 
4.4 Results and Discussion 
4.4.1 Overall Floristic Characteristics 
A total of 145 woody species were recorded in this study, among which 113 species 
were recorded in the quadrates and 32 species were only encountered in the Walk 
Survey. The 145 species were distributed in totally 51 families and 102 genera, and 
93.8% of them were native species. A full checklist is given in Appendix 4.1. 
Among the 145 species recorded, 40% were trees, about a third were shrubs and a 
fifth were vines (Table 4.1). Since most of the species identified to genus level 
were seedlings, it was not possible to classify them into the shrub or tree categories 
and therefore they were put into a separate category named Unidentified, making up 
7.6 % of the total species. 
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Table 4.1 Distribution of woody plants by life form 
Life Form Quadrates Quadrates + Walk Survey 
No. of species % No. of species % 
Tree 42 37.2 58 40.0 
Shrubs 38 33.6 46 31.7 
Vines 24 21.2 30 20.7 
Unidentified 9 8.0 11 7.6 
Total m 100 145 • 100 
Of the 51 families recorded in the present study, Euphorbiaceae, with a total of 16 
different species, was the most species-rich family (Table 4.2). It also had more 
tree species recorded than any other families. Rubiaceae and Fabaceae recorded 9 
species each, which was followed by Myrsinaceae with 8 species; Rutaceae with 7 
species, and Lauraceae, Theaceae and Verbenaceae with 6 species each. Other 
commonly seen families were Myrtaceae, Anacardiaceae, Mimosaceae, Moraceae 
and Rhamnaceae. 
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Table 4.2 The most species-rich families in all plots (including Walk Survey) 
Family Number of species Tree Shrub Vine Unidentified 
Euphorbiaceae 16(1) 10(1) 6 
Rubiaceae 9(1) 2 2 5 (1) 
Fabaceae 9(5) 5(2) 3(2) 1(1) 
Myrsinaceae 8(1) 2 4 (1) 2 
Rutaceae 7(1) 4 1 (1) 1 1 
Lauraceae 6(1) 3 1 2 (1) 
Theaceae 6 (0) 2 3 1 
Verbenaceae 6 (2) 5 (2) 1 
Myrtaceae 5(2) 2(2) 3 
Anacardiaceae 4 (0) 4 
Mimosaceae 4 (2) 4 (2) 
Moraceae 4 (0) 3 1 
Rhamnaceae 4(1) 2 1 (1) 1 
Note: Species identified at the Walk Survey are included; numbers in brackets indicate their 
contribution. 
A total of 5,889 woody individuals were recorded in the present study and the top ten 
most abundant species are shown in Table 4.3 (see also Tables 4.6 and 4.7). Not 
surprisingly, the list is largely dominated by shrub species. Rhodomyrtus tomentosa, 
Rhaphiolepis indica and Baeckea frutescens were the most abundant species as 
reported in other local studies (Hau, 1999; Au, 2001). Litsea rotundifolia var. 
oblongifolia and Psychotria asiatica were also prevailing species but their abundance 
was almost half that of the top three. Other common species included Helicteres 
angustifolia’ Desmos chinensis, Phyllanthus cochinchinensis, Gnetum lofuense and 
Breynia fruticosa. The only non-shrub species was a vine, Gnetum lofuense, which 
is also commonly found in the hillsides of the territory. 
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Table 4.3 The ten most abundant species 
Species Family Life Form No of Individual 
Rhodomyrtus tomentosa Myrtaceae S 706 
Rhaphiolepis indica Rosaceae S 647 
Baeckea frutescens Myrtaceae S 596 
Litsea rotundifolia van oblongifolia Lauraceae S 361 
Psychotria asiatica Rubiaceae S 355 
Helicteres angustifolia Sterculiaceae S • 208 
Desmos chinensis Annonaceae S 203 
Phyllanthus cochinchinensis Euphorbiaceae S 203 
Gnetum lofuense Gnetaceae V 183 
Breynia fruticosa Euphorbiaceae S 178 
Note: T: tree species; S: shrub species; V: Vine species 
Table 4.4 shows the occurrence of species. Most species showed some kind of 
selection. Only less than 10% of the species occurred in seven or more sites while 
71% of all species were recorded only in one to three sites. As many as 59 species 
(40.7%) occurred in one site only. Their limited occurrence could possibly be 
constrained by site-specific factors, which will be further explored in the next 
section. 
Table 4.4 Distribution of species in the nine study sites (including Walk Survey) 
No. of sites occurred No. of species commonly found % 
9 3 2.1 
8 7 4.8 
7 3 2.1 
6 11 7.6 
5 7 4.8 
4 11 7.6 
3 18 12.4 . 
2 26 17.9 
1 59 40.7 
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A list of species with occurrence in seven or more sites is shown in Table 4.5. The 
three species that were recorded in all nine sites were the shrubs Rhodomyrtus 
tomentosa, Rhaphiolepis indica, and Melastoma sanguineum. Species occurring in 
eight out of nine sites were similarly shrub species Litsea rotundifolia var. 
oblongifolia, Helicteres angustifolia, Breynia fruticosa and Eurya chinensis; and vine 
species, namely Embelia laeta, Smilax china and Mussaenda erosa. Psychotria 
asiatica, Ilex asprella occurred in seven sites, and Ficus variolosa, was the only tree 
species in the list. 
Table 4.5 Species with the highest occurrence in different sites 
Name Family Life Form No. of Site 
Melastoma sanguineum Melastomataceae S 9 
Rhodomyrtus tomentosa Myrtaceae S 9 
Rhaphiolepis indica Rosaceae S 9 
Breynia fruticosa Euphorbiaceae S 8 
Litsea rotundifolia var. oblongifolia Lauraceae S 8 
Embelia laeta Myrsinaceae V 8 
Mussaenda erosa Rubiaceae V 8 
Smilax china Smilacaceae V 8 
Helicteres angustifolia Sterculiaceae S 8 
Eurya chinensis Theaceae S 8 
Ilex asprella Aquifoliaceae S 7 
Ficus variolosa Moraceae T 7 
Psychotria asiatica Rubiaceae S 1 
Note: A full list of species in the order of highest occurrence can be found in Appendix 4.2. 
Tables 4.6 and 4.7 show the height distributions of all tree and shrub species found in 
the nine sites respectively. Species attaining high occurrence in taller height classes 
could be regarded as having the potential of growing well, at least under the 
environments of the study sites. Hence, all tree and shrub species were combined in 
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the tables disregarding their age as the purpose of constructing Tables 4.6 was merely 
to identify species rather than to compare among species. 
In Table 4.6, half of the tree species were between 50 - 100 cm in height and the 
proportion decreased with increasing height. Gordonia axillaris out-performed 
other species in both species abundance and number of individuals over 150 cm tall. 
Aporusa dioica had more individuals attaining the height of 150 cm but were slightly 
fewer in abundance than Litsea glutinosa. Other species that were relatively 
abundant in this height class included Adinandra millettii, Rhus succedanea, Ficus 
variolosa, Machilus chekiangensis and Pinus massoniana. Among the 58 tree 
species, Melia azedarach, Brucea javanica, Macaranga tanarius, Antidesma bunius 
and Albizia lebbeck were the only species whose heights of all individuals recorded 
were less than 50 cm. 
Table 4.6 Height distribution of the tree species recorded in all sites 
Species Number recorded Total No. of sites 
cm: 10-50 51-100 101-150 151-200 >200 recorded 
Trees 
Gordonia axillaris 102 18 9 6 17 152 3 
Litsea glutinosa 62 34 15 4 1 116 5 
Aporusa dioica 61 19 4 4 6 94 5 
Melicope pteleifolia 53 7 3 63 6 
Rhus chinensis 21 23 13 57 6 
Ficus variolosa 20 15 5 4 2 46 7 
Adinandra millettii 15 7 4 6 2 34 2 
Rhus succedanea 6 7 3 3 4 23 6 
Ficus vasculosa 9 4 3 2 1 19 3 
Cratoxylum cochinchinense 9 5 3 1 18 6 
Machilus chekiangensis 5 6 1 6 18 3 
Bridelia tomentosa 3 5 2 4 14 3 
Mallotus paniculatus 4 4 4 1 13 4 
Litsea cubeba 2 5 1 2 2 12 1 
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Table 4.6 (Continued) 
Species Number recorded Total No. of sites 
cm: 10-50 51-100 101-150 151-200 >200 recorded 
Acronychia pedunculata 8 2 1 1 12 5 
Zanthoxylum avicennae 9 1 2 12 6 
Melia azedarach 10 10 2 
Schejflera heptaphylla 7 1 1 9 6 
Pinus massoniana 2 1 1 5 9 3 
Glochidion zeylanicum 1 3 1 2 1 8 3 
Vaccinium bracteatum van 
chinense 2 1 4 7 1 
Archidendron lucidum 2 2 1 2 7 3 
Adina pilulifera 7 7 2 
Tetradium glabrifolium 3 1 2 1 7 1 
Diospyros eriantha 1 1 4 6 3 
Sapium discolor 4 1 1 6 4 
Castanopsis fissa 4 1 1 6 1 
Schinus terebinthifolius 4 1 5 1 
Phoenix hanceana 3 2 5 3 
Mallotus apelta 1 1 2 4 2 
Homalium cochinchinensis 1 3 4 1 
Sterculia lanceolata 2 2 4 2 
Rhus hypoleuca 2 1 3 2 
Scolopia chinensis 1 2 3 1 
Itea chinensis 2 1 3 1 
Ficus hispida 1 2 3 1 
Diplospora dubia 1 1 1 3 1 
Brucea javanica 3 3 1 
Symplocos paniculata 3 3 1 
Celtis sinensis 2 1 3 2 
Ilex viridis 2 2 2 
Macaranga tanarius 2 2 2 
Sapium sebiferum 1 1 2 1 
Loropetalum chinense 2 2 1 
Archidendron clypearia 1 1 2 1 
Lophostemon confertus 2 2 2 
� Ilex cinerea 1 1 1 
Ilex rotunda van microcarpa 1 1 1 
Antidesma bunius 1 1 1 
Glochidion hirsutum 1 1 1 
Lithocarpus glaber 1 1 1 
Liquidambar formosana 1 1- 1 
Albizia lebbeck 1 1 1 
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Table 4.6 (Continued) 
Species Number recorded Total No. of sites 
cm: 10-50 51-100 101-150 151-200 >200 recorded 
Pithecellobium dulce 1 1 1 
Eucalyptus torelliana 1 1 1 
Pinus elliottii 1 1 1 
Carallia brachiata 1 1 1 
Trema tomentosa 1 1 1 
Total 442 202 91 45 75 855 
Note: A full list of the height distribution of woody species can be found in Appendix 4.3. 
Table 4.7 Height distribution of the shrub species recorded in all sites 
Species Number recorded Total No. of sites 
cm: 10-50 51-100 101-150 151-200 >200 recorded 
Shrubs 
Rhodomyrtus tomentosa 219 290 136 43 18 706 9 
Rhaphiolepis indica 415 190 26 12 4 647 9 
Baeckeafrutescens 152 254 177 6 7 596 6 
Litsea rotundifolia van 
oblongifolia 239 43 21 19 39 361 8 
Psychotria asiatica 263 61 18 6 8 356 7 
Helicteres angustifolia 97 93 18 208 8 
Desmos chinensis 130 49 16 3 5 203 3 
Phyllanthus cochinchinensis 120 61 22 203 4 
Breyniafruticosa 115 41 16 4 2 178 8 
Melastoma sanguineum 89 39 23 9 2 162 9 
Melastoma candidum 31 46 45 31 2 155 6 
Clerodendrum fortunatum 68 33 13 1 1 116 5 
Eurya chinensis 19 16 15 4 3 57 8 
Ilex asprella 18 12 15 2 4 51 7 
Glochidion eriocarpum 24 6 4 1 35 4 
Ficus hirta 17 15 1 2 35 6 
Tadehagi triquetrum 12 19 3 34 2 
Eurya grojfii 24 2 5 2 33 4 
Ardisia crenata 20 6 26 4 
Syzygium buxifolium 15 2 3 3 3 26 3 
Eurya nitida 6 13 2 2 1 24 2 
Daphniphyllum calycinum 18 3 1 1 23 3 
Gardenia jasminoides 9 2 7 1 3 22 4 
Lantana camara 3 4 3 2 7 ^ 3 
99 . 
Table 4.6 (Continued) 
Species Number recorded Total No. of sites 
cm: 10-50 51-100 101-150 151-200 >200 recorded 
Alchornea trewioides 5 1 6 12 2 
Diospyros vaccinioides 7 1 1 1 1 0 1 
Scurrula parasiticus 5 2 1 1 1 1 0 2 
Glochidion wrightii 2 1 1 4 2 
Ardisia quinquegona 3 1 4 3 
Sarcandra glabra 2 1 3 3 
Glochidion puberum 1 1 1 3 2 
Phyllodium elegans 1 2 3 1 
Rhamnus crenata 1 1 1 3 2 
Desmodium heterocarpon 1 1 2 2 
Urena procumbens 1 1 2 2 
Fortunella hindsii 1 1 2 2 
Clerodendrum chinense 2 2 1 
Clerodendrum Cyrtophyllum 2 2 1 
Mahonia fortunei 1 1 1 
Euonymus nitidus 1 1 1 
Lespedeza formosa 1 1 1 
Phyllodium pulchellum 1 1 1 
Sageretia thea 1 1 1 
Wikstroemia indica 1 1 1 
Triumfetta rhomboidea 1 1 1 
Callicarpa kochiana 1 1 1 
Total 2,149 1,319 597 164 117 4,346 
Note: Height distribution of vine species can be found in Appendix 4.3. 
Shrub was the most abundant life form recorded in this study and Rhodomyrtus 
tomentosa was by far the most abundant shrub species and fastest-growing species in 
terms of height. Litsea rotundifolia var. oblongifolia followed closely in its 
abundance in the height classes of over 150 cm. Melastoma candidum, 
Rhaphiolepis indica, Psychotria asiatica, Baeckea fmtescens, Melastoma 
sanguineum are also fast-growing species that could play important roles in the 
community development. Among the 46 shrub species, Euonymus nitidus, 
Sageretia thea and Wikstroemia indica were the only three species that had all 
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individuals recorded under 50 cm. Shrubs out-numbered trees in all height classes. 
However, the difference was the smallest in the height class > 200 cm as further 
growth is limited by their physiology. 
4.4.2 The Effects of Parent Materials on Vegetation Communities 
4.4.2.1 Floristic Characteristics of individual site 
There were progressive increases in the total number of species recorded with time in 
all three types of parent materials (Table 4.8). The increase in granitic areas was 
more subtle as the species richness had decreased significantly from 3 to 8 years 
before it increased again at 11 years after fire. Sites that had not been burnt for 11 
years recorded the highest species richness. The species richness was in the 
descending order of: 
V l l > V8 > G i l > S l l , G3 > S8 > V3 > G8 > S3 
In general, volcanic areas had the highest species richness among the three rock 
types. V3 (43) had slightly fewer species recorded than G3 (47) most probably 
because of the prevalence (over 90% aerial coverage) of the tall grass species 
Miscanthus floridulus which towered up to 2 m or more in the study site. Most of 
the vegetation in V3 was under the shade of this grass and their growth could have 
been largely obstructed by it. 
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Table 4.8 Species richness (no. of species) of the sites 
Site Trees Shrubs Vines Unidentified. Total 
No. % No. % No. % No. % No. % 
G3 15 31.9 14 29.8 15 31.9 3 6.4 47 100.0 
G8 13 33.3 15 38.5 10 25.6 1 2.6 39 100.0 
Gi l 15 30.6 19 38.8 13 26.5 2 4.1 49 100.0 
V3 12 27.9 23 53.5 7 16.3 1 2.3 43 100.0 
V8 22 38.6 20 35.1 13 22.8 2 • 3.5 57 100.0 
Vl l 24 39.3 21 34.4 11 18.0 5 8.2 61 100.0 
S3 9 33.3 14 51.9 4 14.8 0 0.0 27 100.0 
S8 14 31.8 18 40.9 12 27.3 0 0.0 44 100.0 
S l l 16 34.0 22 46.8 9 19.1 0 0.0 47 100.0 
Considering solely the tree species, gradual increases were observed in volcanic and 
sedimentary areas, and the increase was most apparent between 3 to 8 years after fire. 
The magnitude of increase was also largest in volcanic areas and by 8 years after fire, 
it had significantly more tree species than the others. Little changes, however, were 
observed in granitic areas. Meanwhile, the number of shrub species increased with 
time in granitic and sedimentary areas but not in volcanic areas. 
The numbers of individuals recorded on the nine sites are shown in Table 4.9. 
There were progressive increases in the total number of individual with time in all 
three types of parent materials, but sedimentary areas experienced a decrease from 3 
to 8 years before the species abundance increased again at 11 years after fire. 
Similar to the species richness, sites protected from fire for 11 years had the highest 
species abundance as the time left for vegetation regeneration was longer. The 
order of abundance in descending order was: 
S l l >V11 > V 8 > G 1 1 > S 3 > G 8 > G 3 > V 3 > S 8 
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S3 recorded much higher abundance than S8 probably because it was dominated by a 
shrub, Baeckea frutescens, which alone had accounted for 542 individuals on the site. 
Table 4.9 Species abundance (no. of individuals) of the woody vegetation 
Site Trees Shrubs Vines Unidentified Total 
No. % No. % No. % No. % No. % 
G3 52 11.2 285 61.2 123 26.4 6 1.3 466 100.0 
G8 84 15.4 349 64.0 111 20.4 1 0.2 545 100.0 
G i l 208 26.0 449 56.2 137 17.1 5 0.6 799 100.0 
V3 65 24.7 173 65.8 25 9.5 0 0.0 263 100.0 
V8 77 9.3 607 73.7 136 16.5 4 0.5 824 100.0 
V l l 166 17.1 703 72.5 92 9.5 9 0.9 970 100.0 
S3 13 1.7 755 97.3 8 1.0 0 0.0 776 100.0 
S8 29 12.7 177 77.3 23 10.0 0 0.0 229 100.0 
S l l 98 9.6 801 78.8 117 11.5 0 0.0 1016 100.0 
In order to give a more comprehensive account, species abundance is also considered 
in terms of total basal area (Table 4.10). Similar trends were observed with the 
abundance represented by number of individual. For sedimentary areas, however, 
the magnitude of decrease from 3 to 8 years reduced considerably. This indicates 
that the relative size of the 229 woody plants on S8 could have been larger than the 
776 plants in S3 since the total basal area occupied only diminished slightly despite 
of the large decrease in number. 
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Table 4.10 Species abundance (total basal area) of the woody vegetation on a 
total quadrate size of 100 m^ on each site 
Site Trees Shrubs Vines Unidentified Total 
B.A. % B.A. % B.A. % B.A. % B.A. % 
^ ^ ^ ^ (m2) 
G3 0.007 22.3 0.017 55.8 0.017 20.3 0.000 1.6 0.031 100 
G8 0.014 21.1 0.048 74.2 0.048 4.6 0.000 0.0 0.065 100 
Gi l 0.174 69.1 0.071 28.1 0.071 2.0 0.002 0.8 0.251 100 
V3 0.010 47.3 0.009 45.6 0.009 7.2 0.000 0.0 0.021 100 
V8 0.008 10.5 0.059 78.1 0.059 11.4 0.000 0.1 0.075 100 
Vl l 0.068 43.8 0.076 48.9 0.076 5.0 0.004 2.3 0.155 100 
S3 0.001 1.4 0.059 98.5 0.059 0.1 0.000 0.0 0.060 100 
S8 0.007 12.5 0.047 84.4 0.047 3.1 0.000 0.0 0.056 100 
S l l 0.075 31.5 0.159 66.9 0.159 1.6 0.000 0.0 0.237 100 
B.A.: basal area 
Referring to both Tables 4.9 and 4.10, progressive increases in the abundance of tree 
species were observed in all areas. The increases were consistently much more 
vigorous from 8 to 11 years than from 8 to 11 years in all areas. This could mean 
within the period of 8 to 11 years, the development of tree truly commence. The 
proportion of basal area occupied by tree to all woody species increased from 10.5 -
21.1% to 31.5 - 69.1% in these three years. This means the importance of tree 
slowly overrides shrubs in these communities. 
Surprisingly, the total basal area occupied by trees was highest in granitic area at 8 
and 11 years after fire. This could indicate that vegetation development on soils 
derived from granitic rocks, once established, proceed at a rate no slower than the 
generally more fertile volcanic soils. By ensuring the rapid return of a vegetation 
cover at the initial stage after disturbance, the erosion-prone granitic soils could be 
able to support vegetation development. 
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Shrubs developed themselves quickly after fire. Progressive increases in abundance 
were recorded in granitic and volcanic areas. The increase from V3 to V8 was 
particularly intense in the absence of the grass species Miscanthus floridulus. In 
sedimentary areas, however, the diminishing importance of Baeckea frutescens from 
S3 to S8 produced the opposite effect of reducing proportion of shrubs in terms of 
number of individual considerably but had limited effect in terms of basal area. 
4.4.2.2 Ecological Indices 
In addition to species richness and abundance, various ecological indices could be 
used in evaluating the performance of vegetation development. Indices for species 
diversity, H' (Shannon and Wiener, 1949)，evenness, J (Pielou, 1966) and similarity 
(Sorensen, 1948) were calculated for each site (Table 4.13). 
Table 4.11 Species diversity and evenness of the sites (no. of individuals) 
Site No. of species Diversity H' Evenness J 
G3 37 (10) 2.78 0.77 
G8 35 (4) 2.81 0.79 
G i l 46 (3) ^ 0.74 
V3 27 (16) 2.76 0.84 
V8 41 (16) 2.60 0.70 
V l l 48(13) ^ 0.77 
S3 22(5) 1.15 0.37 
S8 37 (7) 2.32 0.64 
- 41 (6) ^ 0.68 
Note: Numbers of species recorded outside quadrates in the Walk Survey are shown in the brackets 
under "No. of species"; they are not included in the calculation of Diversity H' and Evenness J 
The Shannon-Wiener Diversity Index for the nine sites on different parent materials 
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ranged from 1.15 to 2.96. The highest value was found in VII’ where the highest 
species richness was recorded: 
V l l >G11 > G 8 > G 3 > V 3 > V 8 > S 1 1 > S 8 > S 3 
All 3 types of parent materials demonstrated an increasing trend, except from V3 to 
V8. Sedimentary areas were significantly less diverse than the volcanic and granitic 
areas. S3 was particularly poor in diversity as it was dominated by one single 
species Baeckea frutescens, which covered almost 75% of the site. The 
interpretation of the diversity index in the present study is impaired, however, having 
considered the relatively large number of species recorded outside the quadrates. 
The real diversity could have been under-estimated especially in the volcanic areas 
with 13 - 16 extra species encountered in the walk survey (see Table 4.13). 
The same indices were calculated using the basal area data matrix and are shown in 
Table 4.12. Opposite trends, however, were detected except in sedimentary areas: 
G3 > V8 > V3 > V l l > G8 > G i l > S l l > S8 > S3 
There was a gradual decrease in the diversity in granitic area while volcanic areas 
experienced an increase followed by a decrease. With the basal area data matrix, 
volcanic areas in general had the highest diversity. 
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Table 4.12 Species diversity of the sites (total basal area) 
Richness S Shannon H' Evenness E 
G3 37 2.70 0.75 
G8 35 2.17 0.61 
G i l ^ I M 0.52 
V3 27 2.54 0.77 
V8 41 2.64 0.71 
V l l ^ ^ • 0.64 
S3 22 0.93 0.30 
S8 37 1.70 0.47 
S l l ^ ^ 0.50 
Species Evenness Index ranged from 0.37 to 0.84 in Table 4.11，and 0.30 to 0.77 in 
Table 4.12. In both data matrices, sedimentary areas had significantly lower 
evenness than the volcanic and granitic areas. The lowest value was found in S3 
where one single shrub species had occupied 70% of the 776 individuals recorded. 
In addition, Sorensen Similarity Index is shown in Table 4.13. The index ranged 
from 0 to 1 and the higher the value, the more similar in species composition two 
sites are. Higher similarities were found among sites of similar parent materials, 
particularly in granitic and volcanic areas. For instance, Ss among the 3 granitic 
sites were 0.506 - 0.667. Similarly, volcanic areas had higher similarity among 
them (0.507 - 0.674) but low similarity is indicated with other sites. However, 
sedimentary areas were less alike in their species composition (0.373 - 0.444). 
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Table 4.13 Sorensen Similarity Index (Ss) 
~Ss G3 G8 Gi l V3 V8 Vl l S3 S8 
G8 0.583 
G i l 0.506 0.667 
V3 0.281 0.258 0.192 
V8 0.385 0.395 0.391 0.588 
V l l 0.471 0.434 0.383 0.507 0.674 
S3 0.407 0.421 0.324 0.408 0.317 0.400 
S8 0.459 0.444 0.410 0.313 0.410 0.494 0.373 
S l l 0.538 0.632 0.575 0.353 0.537 0.539 0.444 0.385 
S l l was found to have high sand content and was classified as the same textural 
class as the three granitic areas. Regarding to Ss, S l l had higher affinity to the 
granitic areas (0.538 - 0.632) than to sedimentary or volcanic areas in terms of its 
species composition. Such relationship will be further elucidated in the following 
sub-sections. 
4.4.2.3 Ordination (Detrended Correspondence Analysis) 
Detrended Correspondence Analysis (DCA) was performed with the basal area data 
matrix. Figure 4.1 shows the ordination of the sites along the first axis. Only the 
first axis is drawn for the study of sites because of the relatively small sample size (9 
sites) and the fact that the first axis has retained most of the variation in species 
composition already. In DCA, the first axis maximizes the correlation between 
samples (sites) and implies a suite of organizing factors for the observed ecological 
continua. Subsequent axes give scores in a similar manner, but theses axes are 
orthogonal and detruded with respect to the first axis (Babcock and Ely, 1994). 
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An eigenvalue, ranging 0 to 1，is equal to the maximized dispersion of the species 
scores on the ordination axis, and is thus a measure of importance of the ordination 
axis (Jongman et al, 1995). The eigenvalue of the first axis in the DC A ordination 
in this study (0.437) was much higher than the eigenvalue of the second axis (0.131). 
The third axis had an eigenvalue of 0.010，which is of minimum significance and 
hence is discarded in the course of data interpretation. 
G i l G 8 G 3 S l l S3 S8 V11V8 V3 
9 e - e 9| e e ~ e | - e e—| Axis 1 
0 1 2 3 (SD) 
Figure 4.1 Distribution of sites along the first axis of DC A ordination 
There was little overlapping although the clustering of groups had not been distinct. 
Certainly the little overlapping could be attributed to the small sample size; had more 
sites been surveyed, the distribution of sites could have spread over a wider range. 
Though not very distinct, the relative positions of the sites on the axis revealed a very 
close relation between species composition and parent material. While granitic 
areas lie on the left side of the axis, sedimentary areas cluster in the middle and 
volcanic areas occupy positions on the right. This indicates that vegetation 
composition varied with changes of parent materials and these variations appeared in 
a continuum rather than sharp cuts. 
With the log-transformed basal area data matrices, all tree and shrub species were 
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ordinated by DCA and plotted in Figures 4.2 and 4.3 respectively. Species with 
high similarities and requirement in habitats cluster together and vice versa. In 
Figure 4.2, the most abundant tree species Gordonia axillaris is at the bottom of the 
graph as it is a characteristic dominant in Gi l . Other abundant species such as 
Litsea glutinosa, Aporusa dioica and Machilus chekiangensis are skewed to the right 
of the graph. Another group of Rhus succedanea, Adinandra millettii, Ficus 
variolosa and Ficus vasculosa are on the other hand skewed to the left. The most 
abundant shrubs Rhodomyrtus tomentosa, Rhaphiolepis indica and Litsea 
rotundifolia all clustered together while Melastoma sanguineum also forms part of 




















































































































































































































































































































































































































































































































































































































































































The scores on the first three ordination axes obtained from DCA were analyzed with 
environmental variables obtained from the last chapter by means of correlation 
(Table 4.14). Few environmental factors were found to correlate significantly with 
the axes, especially with Axis 2. The only significantly correlated environmental 
factors were Total Kjeldahl nitrogen (TKN), total phosphorus (TP) and exchangeable 
Mg (Ex. Mg) for Axis 1 at the p<0.05 level. . 
Table 4.14 Spearman's Correlation Coefficients between Axis 1 and 2 of DCA 
and environmental variables 
Correlations AXIS 1 AXIS 2 
pH 0.267 0.250 
Clay 1.333 -0.050 
Silt 0.617 -0.167 
Sand -0.633 0.033 
TEA -0.417 0.150 
SOM 0.633 -0.433 
TKN 0.783* -0.533 
NH4-N 0.333 0.367 
NO3-N 0.050 -0.117 
Mineral N 0.267 0.050 
PO4-P 0.617 -0.600 
TP 0.767* -0.433 
Ex. Fe 0.567 -0.283 
Ex. Mn 0.117 0.400 
Ex.Cu 0.150 0.050 
Ex.Zn 0.183 0.183 
Ex. Ca 0.450 0.400 
Ex. K 0.283 -0.067 
Ex. Mg 0.750* 0.000 
Ex. Na 0.517 -0.067 
C:N Ratio 0.317 -0.267 
ECEC -0.233 0.100 
Base Saturation 0.650 -0.017 
*: p<0.05 
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Given that there was a rather clear grouping of plots by parent materials, the lack of 
highly significant correlation between the axes with the environmental variables 
measured indicates that parent materials could have exerted their influence on 
vegetation composition through some other factors which were not measured in this 
study. While further research is needed to find out what these factors are, the 
importance of soil texture revealed in the last chapter suggests that soil physical 
properties could be a direction of investigation. 
4.4.2.4 Two Way Indicator Species Analysis (TWINSPAN) 
A total of 113 species against 9 plots were analyzed with TWINSPAN. The 
two-way table of TWINSPAN classification of the log-transformed basal area 
vegetation data is shown in Figure 4.4. At the bottom of the table is the 
dichotomized key for site which shows both the group structure and the sequence of 
divisions. The sites are divided into three groups, as indicated by the spaces 
separating them. Similarly, on the right hand side of the table is the key for the 
species. The groups are separated by horizontal lines at level 4. Groups are not 
divided further if it contains four or few species. 
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Figure 4.4 Two-way table of TWINSPAN hierarchical classification for the 9 
plots. (Vertical lines separate classes of plots at level 2; horizontal 
lines separate classes of species at level 4.) 
Species Plot Code Classi- Species Name 
Code fication 
1 2 3 7 9 4 5 6 8 
Alys in 2 - - —— - — — - 00000 Alyxia sinensis 
Ilespp - - 4 - - - - 一 - 00000 Ilex spp. 
Euonit - - 2 - - - - - - 00000 Euonymus nitidus 
Sargla - 2 - - - - — — - 00000 Sarcandra glabra 
Tetasi - - 1 - - - - - - 00000 Tetmcera asiatica 
Dio vac - - 4 — — - - - - 00000 Diospyros vaccinioides 
Vac bra - - 5 - - - - - - 00000 Vaccinium bracteatum van chinense 
Lit cub 4 - - —— 00000 litsea cubeba 
Lit spp - 1 - - - 00000 Litsea spp. 
Strang - 3 1 - - - - - - 00000 Strychnos angustiflora 
Mel aze - 2 2 —— - — — - 00000 Melia azedarach 
Coc orb - - 2 一 - — 00000 Cocculus orbiculatus 
Hyp nit 3 —— —— 00000 Hypserpa nitida 
Ard spp 2 —— —— 00000 Ardisia spp. 
Syzbux - 4 4 - 1 00000 Syzygium buxifolium 
Rhaspp - - 1 —— 00000 Rhamnus spp. 
Sag the - - 2 —— - — — - 00000 Sageretia thea 
Dip dub - - 4 - - - - - - 00000 Diplospora dubia 
Psyser ——3 —— 00000 Psychotria serpens 
Tetgla 4 —— —— 00000 Tetradium glabrifolium 
Rut spp 4 - - - - 一 ——- 00000 Rutaceae spp. 
Adi mil 4 4 - —— 一 — — - 00000 Adinandra millettii 
Goraxi 4 - 6 —— 00000 Gordonia axillaris 
Phy coc 4 4 4 - 3 00001 Phyllanthus cochinchinensis  
Strdiv 4 4 4 - 4 000100 Strophanthus divaricatus 
Garjas - 4 4 - 3 — 000100 Gardenia jasminoides 
Pin mas - 4 5 - 5 - — — - 000101 Pinus massoniana 
Smigla 2 3 2 2 3 1 000101 Smilax glabra 
Clefor 4 4 2 4 3 000101 Clerodendrum fortunatum 
M a c t a n - - 1 一 1 - - - - 0 0 0 1 1 Macaranga tanarius 
E u r n i t 4 - - - 5 - — — - 0 0 0 1 1 Eurya nitida  
Rhuhyp 3 2 0010 Rhus hypoleuca 
Uvamac - - - - 3 - — — - 0010 Uvaria macrophylla 
Ilevir 3 - 0010 Ilex viridis 
Glopub - 2 0010 Glochindion puberum 
P i n e l l - - - - 5 - — — - 0 0 1 0 Pinus elliottii 
Rhacre — ——. — 3 - - - - - 0010 Rhamnus crenata 
Brujav - 2 0010 Bruceajavanica  
R h u s u e 4 4 4 - 4 ——2 4 0 0 1 1 0 Rhus succedanea 
G n e l o f 4 4 4 - 4 ——3 - 0 0 1 1 0 Gnetum lofuense 
Dipgla 3 - 3 —— - — - 2 00110 Diploclisia glaucescens 
A r d g l a 3 - 3 一一 - - 2 - 0 0 1 1 0 Ardisia quinquegona 
Cracoc - 4 2 3 3 - - 4 - 00111 Cratoxylum cochinchinense  
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Figure 4.4 (Continued) 
Species Plot Code Classi- Species Name 
Code fication 
1 2 3 7 9 4 5 6 8 
Baefru 3 3 5 5 4 - - - 4 00111 Baeckeafrutescens 
E u r g r o - 4 2 4 - - - - 4 0 0 1 1 1 Eurya grojfii  
E u r c h i 4 4 4 - 1 - 5 - 4 0 1 0 0 Eurya chinensis  
A r c l u c - 4 - - - - - 3 - 0 1 0 1 Archidendron lucidum 
Ficvas - - 4 - - - 3 - - 0101 Ficus vasculosa 
M o r p a r - 3 4 - - - 3 3 - 0 1 0 1 Morinda parvifolia 
Acrped 3 2 3 - - - 4 - 2 0101 Acronychia pedunculata  
Ficvar 3 4 4 - 4 - 2 3 3 0110 Ficus variolosa 
M u s e r o 3 3 3 2 3 - 4 3 2 0 1 1 0 Mussaenda erosa 
M e l p t e 3 2 - - 3 - - 4 1 0 1 1 0 Melicope pteleifolia 
S m i c h i 2 3 3 3 2 - 4 1 1 0 1 1 0 Smilax china  
S c h h e p ——4 了 1 - 3 3 - 0 1 1 1 0 Schefflera heptaphylla 
Lit rot 4 5 5 - 6 3 4 5 4 OHIO Litsea rotundifolia van oblongifolia 
Rho torn 5 5 5 5 4 4 5 5 5 01110 Rhodomyrtus tomentosa 
Rhaind 4 4 4 3 4 3 5 4 3 01110 Rhaphiolepis indica 
Zanavi 3 1 - - 3 - 3 2 - 01110 Zanthoxylum avicennae 
Helang 3 2 3 3 3 4 4 4 - 01110 Helicteres angustifolia 
M e l s a n 4 4 4 - 4 4 5 4 - 0 1 1 1 1 Melastoma sanguineum  
Dio eri 3 - - 2 - - - 5 - 100 Diospyros eriantha  
D e s c h i - - - - 5 - 2 4 - 1 0 1 0 Desmos chinensis 
Adipil - 3 - 4 - - 1010 Adina pilulifera 
S t e I a n - - - 2 - - - 3 - 1 0 1 0 Sterculia lanceolata  
R h u c h i - 4 - 3 - 4 - 3 4 1 0 1 1 0 Rhus chinensis 
Brefru 3 - 3 2 3 4 4 4 4 10110 Breyniafruticosa 
Emblae 3 3 - 3 3 4 4 4 4 10110 Embelia laeta 
P s y a s i - 2 3 - 5 4 4 4 - 1 0 1 1 0 Psychotria asiatica 
E u r s p p 3 - - - - - - 4 - 1 0 1 1 1 Eurya s p p .  
A p o d i o - - - 3 4 4 4 5 - 1 1 0 0 0 Aporusa dioica 
Fichir - - - 2 3 4 4 3 - 11000 Ficus hirta 
H e a s p - - 2 - 4 - 4 5 2 1 1 0 0 1 Ilex asprella 
Litglu - - - - 5 5 4 4 - 11001 Litsea glutinosa 
M e l c a n 4 —— 4 - 4 2 4 5 1 1 0 0 1 Melastoma candidum 
A r d e r e - 2 3 3 3 - 1 1 0 0 1 Ardisia crenata 
Z a n n i t - - - - 3 - 3 1 3 1 1 0 0 1 Zanthoxylum nitidum 
Celsin - - - 1 - 3 ——- 11001 Celtis sinensis  
Sapdis - - 2 - - - - 1 3 1101 Sapium discolor 
M i l r e t - 2 1 —— - 4 - 3 1 1 0 1 Millettia reticulata 
Den fru 3 - - - - - - 3 3 1101 Dendrotrophe frutescens  
S c h t e r _ _ _ - - - - 3 - 1 1 1 Schinus terebinthifolius 
Ilscin - - - —— - - - 4 111 Ilex cinerea 
L o n s p p - - - - - - - 2 - 1 1 1 Lonicera s p p . 
D a p c a l — - — - - - 4 4 1 1 1 1 Daphniphyllum calycinum 
A l e t r e - - - - - 4 - - - 1 1 1 Alchornea trewioides 
Britom —— 4 2 —— 111 Bridelia tomentosa 
G l o e r i _ _ _ - - 3 3 4 - 1 1 1 Glochidion eriocarpum 
Glohir —— 4 111 Glochidion hirsutum  
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Figure 4.4 (Continued) 
Species Plot Code Classi- Species Name 
Code fication 
1 2 3 7 9 4 5 6 8 
G l o w r i - - - - - - 3 - - 1 1 1 Glochidion wrightii 
G l o z e y - - - - - - - 4 4 1 1 1 Glochidion zeylancium 
M a i a p e - - - - - - 3 3 - 1 1 1 Mallotus apelta 
M a i p a n - - - - - 3 4 3 - 1 1 1 Mallotuspaniculatus 
S a p s e b - - - - - - - - 3 1 1 1 Sapium sebiferum 
D e s h e t - - - - - - - 1 3 1 1 1 Desmodium heterocarpon 
Phypul - - - - 一 3 - - - 111 Phyllodium pulchellum 
T a d tr i - - - - - 4 - - 2 1 1 1 Tadehagi triquetrum 
Ite chi 一 - 一 - - - 一 - 4 111 itea chinensis 
M a c c h e - - - - - 2 4 5 - 1 1 1 Machilus chekiangensis 
S c u p a r 一 - 一 - 一 - - 3 4 1 1 1 Scurrula parasiticus 
U r e p r o - - - - - 3 - - 3 1 1 1 Urena procumbens 
A l b l e b —— 3 1 1 1 Albizia lebbeck 
F i c h i s - - - - - 4 - - - 1 1 1 Ficus hispida 
E m b r i b 2 - - 一 - 3 4 4 - 1 1 1 Embelia ribes 
Embspp - - - - - - 3 3 - 111 Embelia spp. 
E m b v e s - - - - - - - - 1 1 1 1 Embelia vestita 
Ros lae - - - - - - - - 2 111 Rosa laevigata 
R u b r e f - - - - - 3 4 4 3 1 1 1 Rubus reflexus 
Muspub - - - - - - 4 - - 111 Mussaendapubescens 
Cle chi _ _ _ 一 - - 3 - - 111 Clerodendrum chinense 
Clespp - - - - - - 3 - - 111 Clerodendrum spp. 
L a n c a m - - - 一 一 4 4 - - 1 1 1 Lantana camara 
A m p c a n - - - - - - - 3 - 1 1 1 Ampelopsis cantoniensis 
0 0 0 0 0 1 1 1 1 
0 0 0 1 1 
Plot code: 1=G3, 2=G8, 3=G11, 4=V3, 5=V8, 6=V11, 7=S3, 8=S8, 9=S11 
A dendrogram was constructed for the division of plots with the results of the 
two-way table (Figure 4.5). The eigenvalues and indicator species for each division 
are also indicated. The major division had an eigenvalue of 0.441. The plots were 
separated by the indicator species, Rubus reflexus, which appeared in all the volcanic 
areas and in S8. At the second level, subset 1’ consisting of all granitic sites and the 
remaining two sedimentary sites, was further divided into two groups by the 
indicator species Rhus hypoleuca. The two groups were granitic areas (G3, G8 and 
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G i l ) and sedimentary S3 and S l l . 
Rubref (1) 
EV = 0.441 • 
N = 9 
Rhu hyp (1) 
EV = 0.390 
N = 5 
G3，G8，G11 S3，Sll V3，V8’V11，S8 
Figure 4.5 Dendrogram with eigenvalues and indicator species for the plot 
classification of the 9 plots with TWINSPAN 
The classification of TWINSPAN agreed reasonably well with the grouping of plots 
in the DCA ordination as well as with the pattern exhibited in Sorensen Similarity 
Index. TWINSPAN differed from DCA in the way that S8 was grouped separately 
from the other two sedimentary areas, S3 and S l l ; it was grouped with volcanic 
areas instead. The three analyses gave similar results as S8 was classified as the 
same group as volcanic areas in TWINSPAN, and in DCA, it was positioned close to 
the volcanic group. On the other hand, S l l was found to have high Ss value with 
granitic areas, and in DCA, it was positioned close to the granitic group. 
The three analyses clearly revealed the distinctive pattern in species composition 
along the geological gradient. Indeed, from the results of these analyses, vegetation 
communities were divided according to their parent materials they grow from rather 
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than according to age. This could mean the types of parent material plays a more 
important role in structuring vegetation composition than the age of vegetation does. 
The 113 species were grouped at the fourth level of classification as further grouping 
would be too small to have ecological meaning. A total of 14 groups were formed, 
each representing a group of species having similar occurrence and abundance 
(Figures 4.4 & 4.6). The first group of species occurred almost entirely on granitic 
areas only. The second group consists of species which occurred in both granitic 
areas and sedimentary S3 and S l l , while the third group of species mostly occurred 
in S3 and S l l only. The fourth to eleventh groups were those that appeared in all 
types of sites. As a result, most of these species are non-preferential. The twelfth 
group of species occurred in sedimentary and volcanic areas, while the thirteenth 
group was characterized by their absence in S3 and S l l . The last group consisted 
of species that mostly occurred in volcanic areas and in sedimentary S8. The details 















































































































































































































































Table 4.15 Tree and shrub species in the 14 groups identified by TWINSPAN at 
the fourth level 
Groups Tree species Shrub species 
1 Vaccinium bracteatum var. chinense Euonymus nitidus 
Litsea cubeba Sarcandra glabra 
Melia azedarach Diospyros vaccinioides 
Diplospora dubia Syzygium buxifolium 
Tetracera asiatica Sageretia thea 
Adinandra millettii Phyllanthus cochinchinensis 
Gordonia axillaris 
2 Pinus massoniana Gardenia jasminoides 
Macaranga tanarius Clerodendrum fortunatum 
Eurya nitida 
3 Rhus hypoleuca Glochidion puberum 
Ilex viridis Rhamnus crenata. 
Pinus elliotti 
Brucea javanica 
4 Rhus succedanea Ardisia quinquegona 
Cratoxylum cochinchinense Baeckea frutescens 
Eurya grojfii  
_5 Eurya chinensis 
6 Ficus vasculosa 
Acronychia pedunculata 
Archidendron lucidum 
1 Ficus variolosa 
Melicope pteleifolia 
8 Schefflera heptaphylla Litsea rotundifolia var. 





9 Diospyros eriantha 
10 Adina pilulifera Desmos chinensis 
Sterculia lanceolata 
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Table 4.15 (Continued) 
Groups Tree species Shrub species 
11 Rhus chinensis Psychotria asiatica  
Breynia fruticosa 
12 Aporusa dioica Ficus hirta 
Litsea glutinosa Ilex asprella 
Celtis sinensis Melastoma candidum  
Ardisia crenata 
13 Sapium discolor 
14 Schinus terebinthifolius Daphniphyllum calycinum 
Ilex cinerea Alchomea trewioides 
Bridelia tomentosa Glochidion eriocarpum 
Glochidion hirsutum Glochidion wrightii 
Glochidion zeylanicum Desmodium heterocarpon 
Mallotus apelta Phyllodium pulchellum 
Mallotus paniculatus Tadehagi triquetrum 
Sapium sebiferum Scurrula parasiticus 
Itea chinensis Urena procumbens 
Machilus chekiangensis Clerodendrum chinense 
Albizia lebbeck Lantana camara 
Ficus hispida 
The DCA ordination was applied to complement the TWINSPAN classification. 
The TWINSPAN groupings were superimposed on a plot of the first two axes of the 
DCA so as to allow visual inspection (Figure 4.7 and 4.8). Different signs were 
used to show the groups derived from the second level of TWINSPAN (Gl: Group 
1-4; G2: Group 5-8; G3: Group 9-11; G4: Group 12-14). Results from TWINSPAN 
corroborated the classification obtained by the DCA. G1 and G4 mostly do not 
overlap in the ordination space. G1 occupied the furthest left of the ordination 
while G4 on the furthest right. G2 and G3 occupied mainly the middle part of the 

























































































































































































































































































































































































1. A total of 145 woody species representing 51 families regenerated in the nine 
study sites. The flora consisted of 58 tree, 46 shrub and 30 vine species, 94% of 
which were native species. Most of the species were common Hong Kong 
hillside species. 
2. The most abundant and tallest species were mostly shrub species such as 
Rhodomyrtus tomentosa, Rhaphiolepis indica, Baeckea frutescens, Litsea 
routundifolia var. oblongifolia and Psychotria asiatica. Tree species in this 
category were represented by Gordonia axillaris, Aporusa dioica and Litsea 
glutinosa. 
3. Gradual increases in species richness were recorded in areas of different parent 
materials. The number of species increased from 27- 47 three years after fire to 
39 - 57 species 8 years after fire, and reached 4 7 - 6 1 species in another three 
year time. There were continuous increases in the richness of tree and shrub 
species in sedimentary areas. Whereas in volcanic areas, increases were only 
recorded in tree species, and in granitic areas only in shrub species. 
4. There were progressive increases in the abundance of species in all three types of 
parent materials and greatest abundance of woody species was found at 11 years 
after fire. Gradual increases were also observed in the abundance of tree and 
shrub species. The increases in trees were particularly vigorous between 8 to 11 
years in all areas, indicating that there was an elapse of 8 to 11 years before trees 
can start to establish dominancy in the vegetation community after the 
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disturbance of fire. 
At 8 and 11 years after fire disturbance, granitic areas recorded the highest 
number of tree individuals and greatest basal coverage, more than double of that 
in sedimentary areas. This indicates that vegetation development on soils 
derived from granitic rocks, once established, proceed at a rate no slower than the 
generally more fertile volcanic soils. 
5. There were in general increases in species diversity in granitic and volcanic areas 
from 3 to 11 years after fire, with Shannon index ranging 2.60 - 2.96 with the 
number of individual as abundance. Yet, the diversity tended to decrease with 
time when the total basal area dataset was used as abundance, and lower 
diversities in general (1.98 - 2.70) were recorded. Sedimentary areas, however, 
recorded increases in both ways although they also had the lowest diversity 
among the three types of areas in both cases (1.15 - 2.52 and 0.93 - 1.85 
respectively). 
Species evenness, however, decreased from 3 to 11 years after fire in both 
granitic and volcanic areas. Sedimentary areas experienced a steady increase 
but it remained the least even in species composition among the three rock types. 
6. Both Classification and Ordination grouped the study sites according to their 
parent materials. Granitic areas had a species composition distinct from 
volcanic areas, while sedimentary areas were between the two. Results from the 
Similarity index also confirmed that sites within the same geological groups are 
more alike in their species composition than with sites of other origin. This 
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result indicated that parent material significantly determined the vegetation 
composition and structure. 
Few of the soil properties studied significantly correlated with the first two axes 
of the DCA, indicating that there could be other soil attributes which were not 
examined in this study that more significantly control the variation in species 
composition and structure. While further investigation is needed to identify 
these factors, they are most likely to be closely related to the parent materials. 
7. Some species were found to occur in a particular type of parent material and not 
others. Species such as Gordonia axillaris, Vaccinium bracteatum var. chinense 
and Adinandra millettii were found mainly in granitic areas, while Machilus 
chekiangensis and Bridelia tomentosa were more commonly found in volcanic 
areas. Species that can grow in sedimentary areas were less distinct as many of 
them were able to grow on granitic or volcanic areas too. 
Other than the generally more abundant shrub species, certain tree species could 
also adapt the fire-disturbed landscape and could be found in all three kinds of 
geological bedrocks. Melicope pteleifolia, Rhus chinensis, Zanthoxylum 
avicennae, Ficus variolosa, Schefflera heptaphylla and Rhus succedanea are 




5.1 Nature of Disturbance 
Topical forest degradation is proceeding at an alarming rate. In order to sustain our 
resources and conserve the biodiversity, restoration of such degraded lands is 
necessary. Restoring sites with plantations of native and exotic species is currently 
the most prevailing practice worldwide. However, as aforesaid in the first chapter, 
such planting has inherent risk and cost, and where possible, natural succession is 
recommended to be examined first (Mclver and Starr, 2001). Fire-affected sites are 
subject to relatively less severe disturbance than areas like borrow areas, and so their 
abilities to support plant growth are likely to differ greatly. To this end, 
fire-affected sites may represent a type of degraded lands that could recover without 
human intervention. To determine the extent to which this is valid, a comparison 
with other local studies is made. 
Table 5.1 shows the general properties of soils investigated in Hong Kong on 
fire-affected sites with natural regeneration (Yau, 1996; Marafa, 1998), with native 
plantation (Chan, 2002), and with exotic plantation (Au, 2001). Soil characteristics 
in Fung Shui Woods (Chau and Marafa, 1999; Jim, 2003), badlands (Fung, 1995), 
borrow areas (Au, 2001), and indigenous woodland (Chau and Lo, 1980; Tsang, 1997; 
Chau and Marafa, 1999) are also given. Care should be taken when comparing the 
results among studies because the soil depths sampled may vary and other site factors 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































All soils investigated in the various studies were consistently highly acidic with pH 
less than 5.0. In fact, high acidity in soils is a typical phenomenon in the South 
China region, where many of the soil-forming parent materials such as granite, 
rhyolite, colluvium and alluvium are siliceous in nature (Chau and Lo, 1980) (see 
Section 3.4.2). The Total Exchangeable Base contents are characteristically very 
low in the region attributing to the warm and humid climate which enhances rapid 
organic matter decomposition, dominance of halloysitic clay, and leaching of base 
elements, all of which favour the development of acidic soils (Chau and Lo., 1980). 
Soil organic matter contents were found to be exceedingly high (6.94 - 9.69%) on 
fire-affected sites particularly in volcanic areas with natural regeneration (Yau, 1996; 
Marafa, 1998) and exotic plantation (Au, 2001). The SOM contents recorded in the 
present study on volcanic areas (4.57 - 6.15%) were lower than those reported by 
others, but these values were based on a soil depth of 0-15cm rather than the 0-5cm 
of the other three studies. SOM contents tend to decrease with soil depth as the 
uppermost soil layers are where the effect of litter is mostly concentrated. Should 
only the 0-5cm be sampled in this study, it is possible that the levels of SOM could 
be augmented to higher levels. 
The contrast of SOM levels was profound between the newly burnt sites on volcanic 
areas (7.74 - 9.02%; Yau, 1996; Marafa, 1998) and granitic badland and borrow 
areas (0.18 - 0.59%; Fung, 1995; Tsang, 1997). Beside SOM, major nutrients such 
as TKN, TP and PO4-P of the badlands (Fung, 1995) and borrow areas awaiting 
restoration (Tsang, 1997) were far lower than the newly burnt areas as recorded by 
Yau (1996) and Marafa (1998). Although the ash effect resulted from fire may 
gradually diminish, when comparing the site burnt for 1 year with borrow areas 
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restored for 1 year, the difference is still tremendous, particularly in SOM (8.18% in 
fire disturbed sites and 0.34% in restored borrow areas) and TKN (0.23 and 0.01% 
respectively). 
Profound difference could similarly be observed even when the borrow areas and 
badlands are compared with the less fertile granitic soils in the present study. 
Where fire is absent for three years, the SOM (2.6%), TKN (0.11%) and mineral N 
(7.99 |ag g-i) were significantly higher than the borrow areas which had been restored 
for two years (SOM 0.37%, TKN 0.01% and mineral N 5.09 ng g"'). In the study of 
acacia plantation, Au (2001) also reported that sites subjected to fire were higher in 
all major nutrients than sites which were formerly borrow areas on the same kind of 
bedrocks. 
With important nutrient contents differing at such a magnitude, it is unlikely that fire 
affected sites and badlands or borrow areas will have equal capability of supporting 
plant growth or will require the same management intensity. Restoration strategies 
should be made with an attempt to reflect such differences. Severely disturbed 
borrow areas and heavily eroded badlands are likely to require more care than the 
fire-affected areas in order to sustain plant growth and maintain proper functioning of 
the ecosystem. Fire-affected sites, however, at least have relatively fewer problems 
with respect to the supply of essential nutrient and hence in sustaining themselves 
than the severely disturbed sites. The appropriateness of employing the same 
restoration approach on the two types of degraded sites hence warrants further 
investigation. 
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5.2 Site Characteristics 
Among the less severely degraded sites, whether diverse communities can be 
re-established by natural recolonization alone, or whether human intervention is 
required, would be a subject determined by the ability of individual site to support 
plant growth. Factors affecting plant growth are numerous, hut the effects of parent 
material could be one of the most significant. This study highlights the important 
role parent material plays in both soil recovery and vegetation regeneration after fire 
disturbance. 
The most apparent evidence of parent material exerting a dominate effect on 
vegetation distribution is the result from the grouping of sites in the ordination of 
DCA and classification of TWINSPAN. Both analyses grouped the nine study sites 
largely according to their parent materials. This implies that the effects of parent 
material could be more overwhelming than time on vegetation development as 
results of analysis show that vegetation composition were more alike among the 
same type of parent material than among the same age. 
Other than species composition, soil properties were also found to differ among 
various rock types. In general, volcanic areas, characterized by high clay content, 
had the highest content of SOM among the three rock types. Granitic areas, with a 
� much higher sand content, were the most acidic among the three rock types and they 
had comparable amount of nutrients with sedimentary areas which was characterized 
by very high silt content in most cases. In turn, accumulation of other soil nutrients 
seemed to be affected by the changes of soil pH and SOM. NH4-N, PO4-P, Ca, Mg, K, 
Mn, Cu and Zn seemed to bear a reflection of the soil pH dynamics while TKN and 
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TP were found to be closely related to the pattern of SOM dynamics. In this 
context, the differing soil properties from the various parent materials could affect 
their ability to support rapid and healthy plant growth. 
In order to give a more comprehensive account, results are compared with other local 
studies on fire-affected areas. As Table 5.1 shows, under similar disturbance regime, 
the variation in soil properties among soils formed on different materials can be 
substantial. In spite of the homogeneity in soil acidity, many nutrient contents vary 
significantly between soils derived from different parent rocks. Earlier, Chau and 
Lo (1980) reported that under secondary Pinus massoniana woodland, the SOM and 
TKN contents were significantly higher in volcanic soils (3.97 % and 0.12 % 
respectively) than in sedimentary soils (1.55 % and 0.08 %). Soils formed on 
granitic area usually had the least values (1.03% and 0.07%). The higher SOM and 
other nutrients in volcanic areas than granitic and/or sedimentary areas were 
similarly observed in the present study and other studies. Au (2001) reported that in 
acacia plantation, volcanic area not been burnt for 25 years had higher SOM contents 
than granitic area not been burnt for 35 years. Moreover, in a study on Fung Shui 
Woods that had not been burnt for more than at least 150 years, volcanic areas 
recorded higher contents of all major nutrients than sedimentary areas (Chau and 
Marafa, 1999). 
. As evidenced in this study as well as the studies mentioned above, it is apparent that 
under similar disturbance regime or natural setting, soils exhibit different properties 
and nutrient levels with respect to the lithology. Volcanic soils in general have 
higher nutrient content than granitic and sedimentary rocks, particularly in SOM and 
TKN contents. The type of parent materials is important in determining the mode, 
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extent and rate of soil and vegetation recovery. Its potential use as a classification 
system for site quality in light of the need for active restoration strategy can hence be 
further developed. 
5.3 Rate of Vegetation Regeneration 
The question of whether diverse communities can be reestablished by natural 
recolonization alone, or whether human intervention is always required, has been the 
subject of major debate in restoration ecology (Brown, 1999; Mclver and Starr, 
2001). The most recognized advantage of plantation lies on its fast growth rate. It 
is generally believed that planting a variety of native species may be the quickest 
way to establish a native woodland, however, on sites with more favorable 
environmental conditions, natural succession after fire control may be almost as fast 
(Dudgeon and Corlett 1994; King et al.’ 1997). The rate of vegetation recovery was 
therefore examined in this study to ascertain the capability of natural regeneration 
after fire disturbance. 
Since the present study has only examined sites subject to fire 3, 8 and 11 years prior 
to the commencement of investigation, the very first stage of natural regeneration 
pattern, within the first two to three years, was not accounted for. Hence, 
information is gathered from other local studies and compiled to form Table 5.2 
which is used to compliment discussion. Table 5.2 summarizes the number of and 
the percentage cover of tree and shrub species reported to have regenerated after fire 
in studies conducted by Thrower (1975); Thrower and Thrower (1986), Chau (1994) 
















































































































































































































































































































































































































































































































































































































































































































































As evidenced in the results presented, natural regeneration after fire is rapid. Five 
months after fire, the total vegetation coverage achieved over 91.6 - 92.0% 
(including non-woody species) even in the erosion-prone granitic areas (Thrower 
and Thrower, 1986). Similar figure was reported by Yau (1996) on volcanic area 
where nine months after fire, 94% vegetation cover was attained. Both studies 
show that the potential rate of vegetation regeneration could be fast and 
instantaneous after fire. 
Regarding the species richness, however, it is extremely poor in both granitic and 
volcanic sites. Despite the high coverage attained, mostly by herbs and grasses, 
only 6 woody species were recorded 15 months after fire in granitic area (Thrower, 
1975), and 5 species recorded 9 months after fire in volcanic area (Yau, 1996). 
However, species richness in the two types of areas differed dramatically as time 
lapsed after fire. Granitic area maintained low species richness and only 1 tree and 
6 shrub species were recorded at about 5 years after fire (Thrower, 1975). In 
another study on volcanic areas, 17 tree and 21 - 24 shrub species were recorded at 
a period of 12 to 14 months after fire (Chau, 1994). Certainly many other factors 
could have contributed to such differences, for example, the antecedent vegetation, 
the fire regime, the proximity to seed source and exposure to seed predation, and 
various topographical attributes. The case in Tai Shui Hang (Thrower, 1975) may 
well represent one side of the extreme. There were far more species recorded in 
the present study at 3 years after fire than in Tai Shui Hang. Indeed, proximity to 
the seed source could well be an important determinant of the vegetation 
development. With the lack of information on seed source, antecedent vegetation 
and fire regime, the effect of parent material cannot be differentiated from the others. 
However, findings in this study reflected that volcanic areas tend to have higher 
138 « 
species richness than granitic areas particularly at later stages of succession (see also 
Section 4.4.2.1). 
Volcanic areas have in general the highest species richness among the three rock 
types examined. A range of 43 - 61 woody species were recorded in volcanic areas 
while granitic areas recorded 39 -49 species, and sedimentary areas with 27 - 47 
species. Species diversity was also higher in volcanic areas than in other areas. 
Hence, it is possible that volcanic areas have greater potential to self-regenerate into 
a species-rich community than granitic and sedimentary areas. 
Nevertheless, the relatively lower species richness and diversity of the granitic and 
sedimentary areas do not necessarily mean that they are incapable of 
self-regeneration. In fact, despite the lower diversity, the rate of vegetation growth 
in the granitic areas in this study was faster than in the species-rich volcanic areas. 
This could imply that although the granitic soils are generally believed to be 
erosion-prone and less fertile, once the vegetation is established, they can also 
support rapid plant growth. This study shows that by 11 years after fire, study sites 
underlying all three types of parent materials were covered by tall shrubs or trees. 
Indeed, there are evidences from this study that succession was taking place 
continuously in all areas with the occlusion of fire. These three types of areas have 
all demonstrated their potential capability to develop into forest without human 
intervention. By examining the detail changes in vegetation structure with time, it 
is not difficult to find evidence for their tendency to move towards a higher 
successional stage. 
139 « 
Where fire had been absent for 3 years, 27 - 47 woody species ( 9 - 1 5 tree species 
and 14 - 23 species shrub species) were recorded, as previously depicted in Table 
4.8. While volcanic area was dominated by a grass species Miscanthus floridulus 
thus recording the lowest abundance of woody species, sedimentary area was 
occupied by Baeckea frutescens and recorded the lowest species richness but highest 
species abundance. Virtually only volcanic areas were dominated by grass at 3 
years after fire; granitic area was dominated by spare shrubs while sedimentary area 
was largely occupied by low shrubs. To this end, grassland may not necessarily be 
the most usual landscape in the early years after fire disturbance. 
Between 3 and 8 years after fire, both volcanic and granitic areas experienced great 
increase in total basal area occupied by shrub species. Volcanic areas recorded a 
six fold increase while granitic areas recorded an almost threefold increase. Such 
magnitude of increase indicates that the community was experiencing a transition 
from grassland or sparse shrubland to shmbland. Sedimentary area, however, 
experienced a slight decrease in basal area occupied by shrubs possibly as a result of 
the diminishing dominance of Baeckea frutescens. 
By 8 years after fire, a more or less shrubland-like vegetation community was 
formed on all three kinds of areas. In terms of total basal area, the percentage of 
shrubs in all woody species reached a range of 74 - 84% (see Table 4.10). The 
number of woody species increased to 39 - 57, among which 13 - 22 were tree 
species and 1 5 - 2 0 were shrub species (see Table 4.8). 
The dominance of shrub persisted thereafter though there was evidence of a 
diminishing importance owing to the increase in tree species. From 8 to 11 years 
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after fire, all sites experienced a decrease in proportion of basal area occupied by 
shrub and a drastic increase in tree species of a magnitude of eight- to twelve-fold 
simultaneously (see Table 4.10). The increasing dominance of tree species 
indicates that the vegetation community could have been undergoing a transition 
from sparse shrubland to shrubland with tree. 
By 11 years after fire disturbance, a range of 47 - 61 species were recorded with 
15 - 24 tree species (see Table 4.8). Volcanic area recorded greater species 
richness (61 woody species) than granitic (49) and sedimentary (47) areas. 
Regardless of the smaller number of species being recorded, granitic areas had the 
greatest tree abundance among the three rock types. This denotes that vegetation 
development on soils derived from granitic rocks, once established, proceeds at a 
rate no slower than the more fertile volcanic soils. 
While this study have shown evidence of succession after fires, with further 
protection from fire and other disturbances, the vegetation community could 
potentially be restored with tree species typical of the secondary native forest in 20 
years (Hodgkiss et al,, 1981), which will close up in another 10 to 20 years as 
suggested by Zhuang (1997). With the rate of vegetation recovery as such, 
protection from further fire may well be a more effective means of restoring the 
landscape. 
5.4 Species Selection 
As aforesaid, planting may not be necessary in many fire-disturbed sites. Yet, in 
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cases where the rate of vegetation regeneration and succession is crucial in 
providing protection against soil erosion, or where the degree of disturbance is 
severe such as those in borrow areas and badlands, planting may become desirable 
to ensure the rapid redevelopment of forest. To this end, Hong Kong has a long 
history of planting fast-growing exotic species in for their guaranteed high survival 
and growth rates. However, the use of native species are gaining popularity in 
recent years as they are often recognized as more favorable when the objective of 
planting is for conservation (Lamb, 1998; Parotta et al, 1997). 
Selection of native species should be based on the probability of their successful 
establishment and growth on target sites, and be verified in field trials on different 
edaphic conditions before they are used extensively in plantation. The importance 
of matching species to site characteristics in acquiring successful establishment of 
vegetation is recognized (Corlett, 1999), yet principles guiding the selection of 
species for particular site conditions remain largely in lack. In view of this, 
identifying species naturally regenerated on the fire-affected sites can shed light on 
which species, and in what combination, could adapt themselves to the specific 
environment. 
This study thus was conducted with an attempt to identify shrub and tree species that 
are successful in invading the specific fire disturbed environment. Together with 
the species identified in the studies mentioned in Table 5.2，three combined lists 
sorted by life form are produced and shown in Tables 5.4 to 5.6. Note that the 
checklist under the column Chau (1994) is a list of species recorded in seven sites 
which were subject to burning from 36 days to 2 years prior to the study rather than 
just the Lung Fu Shan and Shing Mun Country Park. Also, the species reported by 
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Hau (1999) were recorded on general degraded hillsides with no indication of 
whether they have been subject to fire or not. Nevertheless, they are also given in 
the table for comparison. 
Table 5.3 Common tree species regenerated after fire disturbance 
No. of 
Thrower Yau Chau Hau Present studies 
Species (1975) (1996) (1994) (1999)* study recorded 
Trees 
Gordonia axillaris + + + 3 
Rhus chinensis + + + 3 
Ficus variolosa + + + 3 
Pinus massoniana + + + 3 
Sapium discolor + + + 3 
Symplocos paniculata + + + 3 
Litsea glutinosa + + 2 
Melicope pteleifolia + + 2 
Adinandra millettii + + 2 
Cratoxylum cochinchinense + + 2 
Machilus chekiangensis + + 2 
Bridelia tomentosa + + 2 
Mallot us paniculatus + + 2 
Litsea cubeba + + 2 
Acronychia pedunculata + + 2 
Zanthoxylum avicennae + + 2 
Schefflera heptaphylla + + 2 
Vaccinium bracteatum var. chinense + + 2 
Archidendron lucidum + + 2 
Sterculia lanceolata + + 2 
Itea chinensis + + 2 
Antidesma bunius + + 2 
Aporusa dioica + 1 
Rhus succedanea + 1 
Ficus vasculosa + 1 
Melia azedarach + 1 
Glochidion zeylanicum + 1 
Adina pilulifem + 1 
Tetradium glabrifolium + 1 
Diospyros eriantha + 1 
Castanopsis fissa + 1 
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Table 5.3 (Continued) 
No. of 
Thrower Yau Chau Hau Present studies 
Species (1975) (1996) (1994) (1999)* study recorded 
Schinus terebinthifolius + 1 
Phoenix hanceana + 1 
Mallotus apelta • + 1 
Homalium cochinchinensis + 1 
Rhus hypoleuca + 1 
Scolopia chinensis + 1 
Ficus hispida + 1 
Diplospora dubia + 1 
Brucea javanica + 1 
Celtis sinensis + 1 
Ilex viridis + 1 
Macaranga tanarius + 1 
Sapium sebiferum + 1 
Loropetalum chinense + 1 
Archidendron clypearia + 1 
Lophostemon confertus + 1 
Ilex cinerea + 1 
Ilex rotunda van microcarpa + 1 
Glochidion hirsutum + 1 
Lithocarpus glaber + 1 
Liquidambar formosana + 1 
Albizia lebbeck + 1 
Pithecellobium dulce + 1 
Eucalyptus torelliana + 1 
Pinus elliottii + 1 
Carallia brachiata + 1 
Trema tomentosa + 1 
Antidesma ghaesembilla + 1 
Acacia confusa + 1 
Ficus superba van japonica + 1 
Pithecellobium lucidum + 1 
Phyllanthus emblica + 1 
Diospyros morrisiana + 1 
Pentaphylax euryoides + 1 
Schima superba + 1 
Artocarpus hypargyreus + 1 
Glochidion lanceolarium + 1 
+ indicating presence of the species 
*Hau，s (1999) study was conducted on degraded hillsides 
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Table 5.4 Common shrub species regenerated after fire disturbance 
No. of 
Thrower Yau Chau Hau Present studies 
Species (1975) (1996) (1994) (1999)* study recorded 
Shrubs 
Rhodomyrtus tomentosa + + + + 4 
Rhaphiolepis indica + + + + 4 
Baeckea frutescens + + + + 4 
Phyllanthus cochinchinensis + + .+ + 4 
Melastoma sanguineum + + + + 4 
Eurya chinensis + + + + 4 
Ilex asprella + + + + 4 
Litsea rotundifolia var. oblongifolia + + + 3 
Breynia fruticosa + + + 3 
Melastoma candidum + + + 3 
Clerodendrum fortunatum + + + 3 
Glochidion eriocarpum + + + 3 
Ficus hirta + + + 3 
Ardisia crenata + + + 3 
Eurya nitida + + + 3 
Gardenia jasminoides + + + 3 
Diospyros vaccinioides + + + 3 
Glochidion wrightii + + + 3 
Sarcandra glabra + + + 3 
Rhamnus crenata + + + 3 
Psychotria asiatica + + 2 
Helicteres angustifolia + + 2 
Daphniphyllum calycinum + + 2 
Lantana camara + + 2 
Glochidion puberum + + 2 
Desmodium heterocarpon + + 2 
Fortunella hindsii + + 2 
Clerodendrum cyrtophyllum + + 2 
Phyllodium pulchellum + + 2 
Sageretia thea + + 2 
Wikstroemia indica + + 2 
Desmos chinensis + 1 
Tadehagi triquetrum + 1 
Eurya groffii + 1 
Syzygium buxifolium + 1 
Alchornea trewioides + 1 
Scurrula parasiticus + 1 
Ardisia quinquegona + 1 
Phyllodium elegans + 1 
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Table 5.4 (continued) 
No. of 
Thrower Yau Chau Hau Present studies 
Species (1975) (1996) (1994) (1999)* study recorded 
Urena procumbens + 1 
Clerodendrum chinense + 1 
Mahonia fortunei + 1 
Euonymus nitidus + 1 
Lespedeza formosa + 1 
Triumfetta rhomboidea + 1 
Callicarpa kochiana + 1 
Antirhea chinensis + 1 
Ardisia lindleyana + 1 
Croton crassifolius + 1 
Ilex pubescens + 1 
Rhododendron simsii + 1 
Symploco chinensis + 1 
Viburnum sempervirens + 1 
Myrsine sequinii + 1 
Croton lachnocarpus + 1 
+ indicating presence of the species 
*Hau's (1999) study was conducted on degraded hillsides 
Table 5.5 Common vine and climbing shrub species regenerated after fire 
disturbance 
No. of 
Thrower Yau Chau Hau Present studies 
Species (1975) (1996) (1994) (1999) study recorded 
Vines / Climbing Shrubs 
Strophanthus divaricatus + + + 3 
Dalbergia benthamii + + + 3 
Gnetum lofuense + + + 3 
Embelia laeta + + + 3 
Embelia ribes + + + 3 
Rubus reflexus + + + 3 
Dendrotrophe frutescens + + + 3 
Smilax china + + + 3 
Uvaria macrophylla + + 2 
Alyxia sinensis + + 2 
Tetracera asiatica + + 2 
Millettia nitida + + 2 
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Table 5.5 (continued) 
N o . o f 
Thrower Yau Chau Hau Present studies 
Spec ies (1975) (1996) ( 1 9 9 4 ) (1999)* study recorded 
Maesa perlarius + + 2 
Mussaenda pubescens + + 2 
Smilax glabra + + 2 
Smilax corbularia + + 2 
Rourea microphylla + 1 
Millettia reticulata + 1 
Strychnos angustiflora + 1 
Cocculus orbiculatus + 1 
Diploclisia glaucescens + 1 
Hypserpa nitida + 1 
Embelia vestita + 1 
Berchemia floribunda + 1 
Rosa laevigata + 1 
Hedyotis hedyotidea + 1 
Morinda parvifolia + 1 
Mussaenda erosa + 1 
Psychotria serpens + 1 
Zanthoxylum nitidum + 1 
Ampelopsis cantoniensis + 1 
Asparagus cochinchinensis + 1 
Dalbergia hancei + 1 
Rubus leucanthus + 1 
+ indicating presence o f the spec ies 
*Hau，s (1999) study conducted on degraded hil lsides 
From the tabulated results, the most commonly self-regenerated tree species on fire 
disturbed sites are Gordonia axillaris, Rhus chinensis, Ficus variolosa, Pinus 
massoniana, Sapium discolor and Symplocos paniculata (Table 5.3). In addition, 
Vaccinium bracteatum var. chinense, Sterculia lanceolata and Antidesma bunius also 
occurred in more than one fire-affected site. Among these species, five out of eight 
are similarly some of the most abundant species recorded in the present study. The 
frequent occurrence of these species in fire-affected areas suggests that they may 
possess special adaptive traits that enable them to survive the fire-disturbed 
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environment. These species warrant further study in light of their potential use in 
forestry. 
In the course of vegetation development, tree species are found to invade grassland 
together with light-demanding shrubs which appear to act as invasion foci and nurse 
species (Zhuang and Corlett, 1997; Corlett 1999) through natural succession. 
Shrubs can also act as nurse crops and facilitate forest development by suppressing 
competing grasses, ameliorating soil and microclimate conditions, and by attracting 
seed-dispersing vertebrates (Corlett, 1999; Vieira et al, 1994). However, planting 
in Hong Kong has focused solely on tree species and have largely ignored the 
potential benefits of shrubs. Shrub species that are highly adapted to the disturbed 
environment can be planted with tree species in reforestation (Hau, 1999). The 
most common shrub species regenerated after fire disturbance were Rhodomyrtus 
tomentosa, Rhaphiolepis indica, Baeckea frutescens, Phyllanthus cochinchinensis, 
Melastoma sanguineum, Eurya chinensis and Ilex asprella (Table 5.4). They were 
recorded in four out of five studies and they are among the most abundant species in 
this study. Other species such as Melastoma candidum and Diospyros vaccinioides 
are also particularly common on fire-affected sites. 
The major difference between this study and the others is the number of species 
recorded, primarily because that the time-since-fire in this study ranged from 3 years 
to 11 years, which is longer than the 36 days to 5 years reported in the other studies. 
As evidenced in the present study, species richness tends to increase progressively. 
The longer the period without fire, the more the species could be developed. 
Other than more species being reported in this study, the species composition is 
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fairly similar to the others, particularly comparable with the findings of Chau (1994) 
and Hau (1999). Although the agent of disturbance is not known in Hau's (1999) 
study, the species regenerated are largely similar, indicating that not only are these 
species adapted to fire disturbance, but they may also be able to adapt themselves to 





6.1 Summary of Findings 
6.1.1 Soil Properties 
This study examined the soil properties and vegetation regeneration pattern on nine 
fire-affected sites in Hong Kong. The sites were subject to fire 3, 8 and 11 years 
prior to investigation and they were located over granitic, volcanic and sedimentary 
bedrocks. 
Soils derived from granitic rocks were characterized by high sand content (50 - 65%) 
and thus were mostly coarse textured. They were the most acidic among the three 
rock types, with low pH values ranging 4.29 - 4.50 and high TEA. Granitic soils 
tended to become less acidic with time with increasing pH but little changes were 
observed in TEA. There were significantly lower contents of soil organic matter 
(1.31 - 3.87 %) in granitic areas than in areas of other rock types. The SOM 
slightly decreased from 3 to 8 years but then increased from 8 to 11 years. 
On the other hand, volcanic soils had the highest clay content among the three rock 
types and hence a finer texture. They were also highly acidic, and had pH ranging 
4.35 - 4.79 and high TEA. Volcanic soils experienced an accumulation of acidity 
with decreasing pH and increasing TEA from 3 to 8 years after fire, but then 
remained at low pH from 8 to 11 years after fire. The SOM contents in volcanic 
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areas were highest among the three rock types with a range of 2.26 - 6.15%. In 
general, SOM accumulation in these areas resembled the pattern of granitic areas; 
the SOM remained low in earlier years but then increased to an adequate level for 
plant growth at 11 years after fire. 
Sedimentary siltstone formed soils with very high silt content while S l l was 
characterized with its high sand content. They had comparable pH of 4.43 - 4.72 
but a lower TEA than soils derived from other rock types. Sedimentary soils 
became less acidic with time in the upper soil layers with increasing pH and 
decreasing TEA. While there were slight changes in SOM contents in the upper 
layers, in the lower layer, the same pattern was observed as in granitic and volcanic 
areas. On the other hand, there were lower SOM contents in sedimentary than in 
volcanic areas at all years, but comparable levels with granitic areas were recorded 
particularly in the lower layers. 
All soils were rather infertile and most of the nutrient contents were below the 
adequate level for healthy plant growth following the postulation of Landon (1991). 
In general, TKN and TP contents were higher in volcanic than in sedimentary soils, 
and lowest in granitic areas. Both TKN and TP were a close reflection of the SOM 
content in terms of their changes with time on the various parent rocks. 
, The PO4-P contents were low in all areas due to the acidic nature of the soils. 
Granitic areas had significantly lower PO4-P and mineral N contents than 
sedimentary areas, while volcanic areas had slightly higher content than sedimentary 
areas. In all soils, NH4-N predominated NO3-N and hence the trends in mineral N 
followed that of NH4-N. Both PO4-P and mineral N seemed to be greatly 
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influenced by the pH dynamics. While higher mineral N and PO4-P contents were 
often associated with higher pH, the latter seemed to be also affected by the 
concentration of exchangeable Fe and Mn. 
Exchangeable cation levels were very low and fluctuated greatly among the soils. 
Yet, it seemed that exchangeable K, Ca and Mg followed the pH dynamics with time 
while exchangeable Na did not show any discernible pattern. Total Exchangeable 
Base increased from 3 to 8 years and then decreased from 8 to 11 years and was in 
general in the order of volcanic > sedimentary > granitic. Granitic and volcanic 
areas had higher ECEC than sedimentary areas as they both had higher values of 
TEA. Base saturation was generally low owing to the acidic nature of the soil and 
the low contents of exchangeable cations. 
Exchangeable Mn, Cu and Zn demonstrated certain levels of similarity with 
exchangeable Ca, K and Mg in their changes with time. They were similarly 
closely related to pH. Exchangeable Fe was exceedingly high in soils derived from 
sedimentary siltstone which was inherently rich in iron oxide. 
This study demonstrated the inter-relationship between different soil properties, and 
observed that contents of many nutrients tended to be influenced by soil pH or SOM 
content, and reflected their changes gradually. In turn, pH and SOM contents differ 
significantly among soils derived from different rock types in this study. 
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6.1.2 Vegetation Regeneration 
A total of 145 woody species representing 51 families were regenerated in the nine 
study sites. Among these species, 58 were tree species, 46 were shrub species and 
31 were vine species. Euphorbiaceae, Rubiaceae and Fabaceae were the three most 
species-rich families. 
Progressive increases in species richness were recorded in all types of parent 
material, but volcanic areas (43 - 61 species) in general were more species-rich than 
granitic (39 - 49 species) and sedimentary areas ( 2 7 - 4 7 species ). Volcanic areas 
recorded a vigorous increase in shrub abundance but little increase in trees from 3 to 
8 years after fire, but then the opposite happened between 8 to 11 years where there 
was more than eightfold increase in tree abundance. In most cases, volcanic areas 
had higher species diversity than the other rock types. 
Granitic areas had in general greater species abundance than volcanic and 
sedimentary areas. By 8 years after fire, the abundance of trees in granitic areas 
was significantly higher than volcanic areas and was more than double that of 
sedimentary areas. This indicates that vegetation development on granitic soils, 
once established, could proceed at a rate no slower than that of the generally more 
fertile volcanic soils. The distinction in the nutrient status studied may not be large 
enough to constitute a difference in vegetation growth. 
There were gradual increases in the species richness, species diversity and species 
evenness in sedimentary areas. However, they remained to be the sites with the 
least number of species recorded (27 一 47 species), poorest diversity (1.153 - 2.517)， 
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and the least even (0.373 - 0.678) among the three rock groups. Although 
sedimentary areas were not inferior to the other rock types in nutrients contents, it 
appeared that they were the least capable of supporting vegetation development. 
There were steady build up in the abundance of species in all areas and the greatest 
species abundance was found 11 years after fire. The build up of trees were 
particularly vigorous between 8 to 11 years in all areas, indicating that there was an 
elapse of 8 to 11 years before trees can start to establish dominancy in the vegetation 
community after disturbance by fire. 
The investigated sites were grouped by similarity in species composition with DCA 
ordination and TWINSPAN classification. They clustered with the other sites of 
the same geological origin rather than with sites of the same age. This finding 
ascertained the dominating role of parent materials over vegetation composition 
even though the most significant attributes through which parent materials exert 
their influence on seemed not to be the soil chemical properties studied. 
6.2 Limitation of the Study 
As in many ecological studies, several limitations were encountered in this study. 
The first and foremost restrain of the present study was the adoption of the 
retrospective approach in assessing the effects of parent materials on soil recovery 
and vegetation regeneration. Owing to the limitation of time, the zero-time 
approach in which changes in permanent plots can be followed via long-term 
monitoring was impractical. As the study sites were not set up as experimental 
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plots, inclusion of replicate sites was impossible. However, soil samples were 
replicated in each plot to minimize the errors. The time-since-last-fire also could 
not be identical, so as other factors such as fire regime, rock types, antecedent 
vegetation cover, seed source, topography, aspects, altitude and rainfall. Therefore, 
site variability was also taken into account in data interpretation and sites were 
largely grouped as granitic, volcanic and sedimentary areas. 
Another important limitation of this study is the relatively small sampling size. 
Nine sites were included in this study as site selection posed initial difficulties owing 
to the patchiness of the landscape in the territory. The specific criteria set on the 
rock type and the fire history greatly restricted the number of sites suitable for study. 
Most of the nine sites investigated were the available pieces of land that meet both 
requirements in the territory, hence, inclusion of more study sites was not easily 
achievable. Selecting sites in sedimentary areas had been particularly difficult as 
its coverage in the territory is small (<15%, many of which are located along the 
coast). The patchiness and small extent of sedimentary rocks in the Tai Tong area 
had made the determination of rock type at S l l less certain. 
Besides, this study has focused on the chemical properties of soil and results showed 
that they may not be the only underlying environmental factors leading to vegetation 
variation. There could possibly be other factors closely related to geology that are 
more influential such as clay mineralogy and various physical and biological 
properties. Incorporation of such parameters could make the study more 
comprehensive. 
In addition, the size of quadrate (four 5m x 5m quadrates) for vegetation survey 
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could be enlarged to avoid underestimation of species richness in the plots, as in the 
case of volcanic areas in this study. Should manpower and time be more available, 
the sampling size could be increased to four 10m x 10m quadrates for each site, as 
used for woodland survey by Zhuang (1997). 
6.3 Suggestion for Future Study 
The present study represents a preliminary work on the role of parent material on 
ecosystem development. The conclusion that parent material plays a significant 
role in vegetation regeneration can be drawn on fire-affected sites only. Therefore, 
further researches are needed to include other types of degraded landscapes that will 
provide a comprehensive understanding. 
The effects of parent material on vegetation community were observed in statistical 
analysis, but the mechanisms through which it exerts its impact were not completely 
ascertained. Soil chemical properties were found not to be the most crucial factors 
and the exploration of such factors could assist giving the geologically-based 
classification system a more solid ground. Possible properties to look at include 
various soil physical properties, soil depth, erodibility, clay mineralogy and 
topography depending on the overall scope of a study. 
The recommendation of species suitable for planting in this study was inconclusive. 
More field trials are needed to compile a more comprehensive list of species best 
suited for each type of land. Identifying the physiological attributes and specific 
adaptive traits that allow the listed species to establish and grow on the 
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fire-disturbed environment would also be very meaningful. Other management 
regimes such as the combination of species used and the timing of planting need 
further investigation. 
Grassland is particularly susceptible to fire, and fostering the colonization of shrub 
and tree species would be an effective way of reducing its susceptibility to fire. 
The transition from grassland to shrubland has not been studied in depth and hence 
the mechanism through which various woody species invade into the grassland is 
largely undiscovered. Understanding this mechanism may provide new insights to 
our ability to manage the hill fire problems in the Hong Kong Countryside. 
Furthermore, only soil status and vegetation composition have been investigated. 
As a comprehensive evaluation of ecosystem development, information on seed 
source and dispersion, germination, litter nutrient content and production, root depth 
and nutrient cycling are needed. Birds and wildlife could also be an important 
source of seed dispersal and hence may have a catalytic effect on the invasion of 
native species from outside the site. Further information on these could be useful. 
A study directly comparing natural regeneration and plantation, preferably 
conducted on two pieces of land adjacent to each other, could enable a more 
in-depth understanding of the components in the ecosystem that are altered by 
disturbance and planting. The major differences in the two approaches could be 
revealed and the most appropriate approach for restoration could be chosen. 
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Appendix 3.1 Soil Textural Classes 
Site Soil depth Sand (%) Silt (%) Clay (%) Soil textural class 
G3 0-15 cm 54 (1.5) 16 (1.2) 31 (1.7) Sandy clay loam 
15-30 cm 54 (2.7) 15 (0.9) 31 (2.0) Sandy clay loam 
G8 0-15 cm 54 (2.2) 14 (0.6) 32 (2.0) Sandy clay loam 
15-30 cm 50 (4.8) 13 (1.5) 37 (3.6) Sandy clay 
G i l 0-15 cm 65 (4.1) 13 (1.6) 22 (3.0) Sandy clay loam 
15-30 cm 61 (3.5) 14 (1.9) 25 (2.5) Sandy clay loam 
V3 0-15 cm 45 (4.0) 27 (2.4) 28 (3.5) Clay loam 
15-30 cm 42 (4.2) 26 (2.2) 32 (3.3) Clay loam 
V8 0-15 cm 40 (4.0) 21 (1.4) 40 (4.7) Clay loam 
15-30 cm 32 (3.2) 20 (2.5) 48 (3.9) Clay 
V l l 0-15 cm 51 (5.6) 22 (1.1) 27 (4.9) Sandy clay loam 
15-30 cm 48 (5.6) 21 (1.3) 31 (5.1) Sandy clay loam 
S3 0-15 cm 34 (6.1) 38 (5.9) 28 (5.0) Clay loam 
15-30 cm 28 (3.1) 37 (3.3) 35 (2.1) Clay loam 
S8 0-15 cm 36 (23.4) 41 (13.6) 23 (9.9) Loam 
15-30 cm 42 (20.9) 36 (14.9) 22 (6.7) Loam 
S l l 0-15 cm 70 (2.7) 10 (1.2) 19 (2.7) Sandy loam 
15-30 cm 69 (4.2) 10 (0.9) 21 (3.7) Sandy clay loam 
Values in parenthesis represent the standard deviation (n=6). 
Appendix 3.2 Soil pH 
Site pH  
0-15 cm 15-30 cm 
G3 4.29 (0.08) 4.29 (0.06) 
G8 4.38 (0.08) 4.38 (0.09) 
G i l 4.50 (0.05) 4.47 (0.07) 
V3 4.75 (0.13) 4.59 (0.17) 
V8 4.36 (0.07) 4.38 (0.04) 
V l l 4.45 (0.08) 4.35 (0.04) 
S3 4.45 (0.07) 4.43 (0.05) 
S8 4.52 (0.15) 4.72 (0.32) 
S l l 4.60 (0.08) 4.54 (0.06) 
Values in parenthesis represent the standard deviation (n=18). 
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Appendix 3.3 Total Exchangeable Acidity 
TEA(cmol kg-') 
0-15 cm 15-30 cm 
G3 7.91 (0.83) 7.03 (0.79) 
G8 8.40 (0.77) 8.40 (0.84) 
G i l 8.20 (0.80) 7.86 (0.71) 
V3 6.68 (1.06) 6.96 (0.80) 
V8 7.67 (0.95) 6.98 (0.82) 
V l l 8.38 (0.72) 7.03 (0.46) 
S3 6.78 (0.69) 6.19 (0.82) 
S8 5.99 (1.25) 3.73 (1.30) 
S l l 4.90 (0.65) 4.44 (0.59) 
Values in parenthesis represent the standard deviation (n=18). 
Appendix 3.4 Soil Organic Matter 
Site SOM (%) 
0-15 cm 15-30 cm 
G3 2.60 (0.50) 1.57 (0.46) 
G8 2.37 (0.78) 1.31 (0.64) 
G i l 3.87 (0.82) 2.13 (0.59) 
V3 4.60 (0.63) 2.91 (0.77) 
V8 4.57 (0.97) 2.26 (0.73) 
V l l 6.15 (0.98) 3.53 (0.72) 
S3 3.21 (0.29) 1.54 (0.30) 
S8 3.60 (0.85) 1.05 (0.52) 
S l l 3.47 (0.75) 2.06 (0.49) 
Values in parenthesis represent the standard deviation (n=18). 
Appendix 3.5 Total Kjeldahl Nitrogen 
Site TKN (%) 
0-15 cm 15-30 cm 
G3 0.11 (0.02) 0.07 (0.02) 
G8 0.10 (0.03) 0.06 (0.03) 
G i l 0.14 (0.03) 0.09 (0.03) 
V3 0.17 (0.02) 0.12 (0.03) 
V8 0.17 (0.03) 0.09 (0.02) 
V l l 0.22 (0.03) 0.13 (0.02) 
S3 0.11 (0.01) 0.06 (0.01) 
S8 0.18 (0.04) 0.07 (0.02) 
S l l 0.15 (0.03) 0.09 (0.02) 
Values in parenthesis represent the standard deviation (n=18). 
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Appendix 3.6 Carbon: Nitrogen Ratio 
Site C: N Ratio  
0-15 cm 15-30 cm 
G3 14 (1) 13 (1) 
G8 15 (3) 13 (3) 
G i l 16 (2) 14 (1) 
V3 15 (1) 14 (1) 
V8 17 (1) 16 (1) 
V l l 16 (1) 16 (1) 
S3 16 (2) 16 (3) 
S8 11 (2) 10 (5) 
S l l 14 (1) 13 (1) 
Values in parenthesis represent the standard deviation. 
Appendix 3.7 Mineral Nitrogen 
Site NH4-N (ng g'') NO3-N (^ig g-i)  
0-15 cm 15-30 cm 0-15 cm 15-30 cm 
G3 3.03 (1.78) 2.53 (0.64) 4.96 (2.01) 4.48 (1.65) 
G8 9.20 (5.70) 4.73 (2.33) 1.47 (0.53) 1.96 (0.36) 
G i l 7.37 (4.41) 3.55 (1.89) 0.88 (0.38) 0.94 (0.34) 
V3 13.34 (4.35) 9.39 (3.27) 1.41 (0.54) 1.35 (0.43) 
V8 9.45 (4.02) 3.80 (1.71) 1.03 (0.40) 1.45 (0.98) 
V l l 6.36 (2.20) 3.96 (0.98) 2.12 (1.51) 1.12 (0.22) 
S3 4.49 (1.66) 4.43 (1.59) 0.03 (0.05) 0.03 (0.05) 
S8 11.94 (6.53) 3.01 (1.41) 0.69 (0.34) 0.48 (0.25) 
S l l 8.75 (3.05) 4.75 (1.77) 1.83 (1.12) 1.35 (0.55) 
Values in parenthesis represent the standard deviation (n=18). 
Appendix 3.8 Total and Available Phosphorous 
^ t e T P Q i g g - i ) pcypgigg•丨） 
0-15 cm 15-30 cm 0-15 cm 15-30 cm 
G3 20.02 (1.91) 22.90 (8.20) 1.52 (0.67) 1.16 (0.69) 
G8 20.54 (3.08) 18.36 (2.32) 0.00 (0.00) 0.00 (0.00) 
G i l 22.71 (1.73) 20.56 (3.00) 1.48 (1.77) 0.00 (0.00) 
V3 59.91 (12.74) 49.77 (9.62) 1.74 (1.15) 0.95 (0.89) 
V8 42.19 (5.31) 38.84 (6.63) 2.10 (0.49) 1.29 (0.88) 
V l l 52.59 (8.95) 43.68 (7.15) 3.00 (0.63) 1.79 (0.34) 
S3 25.27 (2.54) 25.12 (2.40) 2.77 (0.80) 1.05 (0.99) 
S8 35.35 (5.13) 29.50 (8.13) 1.60 (1.56) 0.21 (0.28) 
S l l 49.97 (5.62) 49.77 (6.93) 2.26 (1.68) 0.57 (0.61) 

































































































































































































































































































































































































































































































Appendix 3.10 Effective Cation Exchange Capacity and Base Saturation 
Site ECEC (cmol kg ' ) Base Saturation (%) 
0-15 cm 15-30 cm 0-15 cm 15-30 cm 
G3 8.02 (0.98) 6.62 (0.99) 1.40 (0.71) 2.34 (1.00) 
G8 8.68 (0.71) 8.65 (1.07) 4.52 (1.01) 3.84 (1.06) 
G i l 8.40 (1.01) 7.76 (0.83) 5.61 (1.83) 2.53 (0.98) 
V3 7.20 (1.06) 7.39 (0.83) 12.20 (3.61) 6.69 (3.41) 
V8 7.75 (1.10) 7.51 (1.11) 7.59 (1.79) 5.15 (0.79) 
V l l 8.98 (0.85) 7.45 (0.43) 6.60 (1.75) 3.69 (0.83) 
S3 7.34 (0.75) 6.58 (0.94) 7.63 (1.29) 5.24 (1.31) 
S8 6.33 (1.51) 4.16 (0.97) 7.25 (2.41) 11.29 (6.59) 
S l l 5.40 (0.73) 4.57 (0.59) 10.28 (2.15) 8.42 (1.51) 










































































































































































































































































































































































































































































































Appendix 4.1 Checklist of all species encountered in the nine sites 
L F * N + r G G G V V V S S S 
3 8 11 3 8 11 3 8 11 
Anacardiaceae 
Rhus chinensis T 6 53 10 1 5 # 1 4 4 1 0 
Rhus hypoleuca T 2 3 1 2 
Rhus succedanea T 6 23 6 6 6 1 1 3 
Schinus terebinthifolius T 1 5 5 
Annonaceae . 
Desmos chinensis S 3 203 1 21 181 
Uvaria macrophylla V l l 1 
Apocvnaceae 
Alyxia sinensis V 1 1 1 
Strophanthus divaricatus V 4 54 18 14 5 1 7 
Aquifoliaceae 
Ilex asprella S 7 42 1 # 13 18 # 1 9 
Ilex cinerea T i l \ 
Ilex rotunda var. microcarpa T 1 0 # 
Ilex spp. U 1 4 4 
Ilex viridis T 2 1 # 1 
Araliaceae 
Schefflera heptaphylla T 6 7 # # 1 1 4 1 
Arecaceae 
Phoenix hanceana 丁 3 0 # # # 
Berberidaceae 
Mahonia fortunei S 1 0 # 
Caprifoliaceae 
Lonicera spp. U 1 1 \ 
Celastraceae 
Euonymus nitidus S l l 1 
Chloranthaceae 
Sarcandra glabra S 3 I 1 # # 
Connaraceae 
Rourea microphylla V 3 o # # # 
Daphniphvllaceae 
Daphniphyllum calycinum S 3 2 3 2 2 0 1 
Dilleniaceae 
Tetracera asiatica V 2 1 # 1 
Ebenaceae 
Diospyros eriantha T 3 6 1 4 1 
Diospyros vaccinioides S 1 1 0 10 
Ericaceae 
Vaccinium bracteatum var. 
.. T 1 7 7 
chinense  
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Appendix 4.1 (Continued) 
^ , G G G V V V S S S LF* N+ T 
3 8 11 3 8 11 3 8 11 
Euphorbiaceae 
Alchornea trewioides S 2 6 6 # 
Antidesma bunius T 1 0 # 
Aporusa dioica T 5 94 1 13 28 1 51 
Breyniafruticosa S 8 178 4 1 46 9 81 1 24 12 
Bridelia tomentosa T 3 11 9 2 # 
Glochidion eriocarpum S 4 33 5 1 27 # 
Glochidion hirsutum T i l 1 
Glochidion puberum S 2 1 # 1 
Glochidion wrightii S 2 3 # 3 
Glochidion zeylanicum T 3 7 # 1 6 
Macaranga tanarius T 2 2 1 1 
Mallotus apelta T 2 4 2 2 
Mallotus paniculatus T 4 11 4 6 1 # 
Phyllanthus cochinchinensis S 4 203 49 66 65 23 
Sapium discolor T 4 4 2 1 1 # 
Sapium sebiferum T 1 2 2 
Fabaceae 
Dalbergia benthamii V 1 0 # 
Desmodium heterocarpon S 2 2 1 1 
Desmodium s p p . U 1 1 1 
Lespedeza formosa S 1 0 # 
Millettia nitida V 2 0 # # 
Millettia reticulata V 5 24 1 1 # 17 5 
Phyllodium elegans S 1 0 # 
Phyllodium pulchellum S l l 1 
Tadehagi triquetrum S 2 34 31 3 
Fagaceae 
Castanopsis fissa T 1 0 # 
Lithocarpus glaber T 1 0 # 
Flacourtiaceae 
Homalium cochinchinensis T 1 0 # 
Scolopia chinensis T 1 0 # 
Gnetaceae 
Gnetum lofuense V 6 183 74 56 4 # 1 1 38 
Grossulariaceae 
Itea chinensis T 1 3 3 
Guttiferae 
Cratoxylum cochinchinense T 6 17 8 1 # 4 3 1 
Hamamelidaceae 
Liquidambar formosana T 1 0 # 
Loropetalum chinense T 1 0 # 
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Appendix 4.1 (Continued) 
L F * N + T ^ G G G V V V S S S 
3 8 11 3 8 11 3 8 11 
Lauraceae 
Litsea cubeba T 1 12 12 
Litsea glutinosa T 5 115 30 42 39 # 4 
Litsea rotundifolia var. 
. . S 8 361 7 23 40 2 43 136 2 108 oblongifolia 
Litsea spp. U 1 1 1 . 
Machilus chekiangensis T 3 18 1 1 16 
Machilus spp. U 1 0 # 
Loganiaceae 
Strychnos angustiflora V 2 2 1 1 
Loranthaceae 
Scurrula parasiticus S 2 10 1 9 
Malvaceae 
Urena procumbens S 2 2 1 1 
Melastomataceae 
Melastoma candidum S 6 155 23 10 1 12 5 104 
Melastoma sanguineum S 9 159 2 37 33 10 13 16 # # 48 
Meliaceae 
Melia azedarach T 2 10 7 3 
Menispermaceae 
Cocculus orbiculatus V 1 1 i 
Diploclisia glaucescens V 3 14 5 6 3 
Hypserpa nitida V 1 1 1 
Mimosaceae 
Albizia lebbeck T i l \ 
Archidendron clypearia T 1 0 # 
Archidendron lucidum T 3 4 3 1 # 
Pithecellobium dulce T 1 0 # 
Moraceae 
Ficus hirta S 6 34 6 1 7 3 2 # 6 
Ficus hispida T 1 3 3 
Ficus variolosa T 7 46 3 16 15 1 4 1 6 
Ficus vasculosa T 3 18 # 16 2 
Myrsinaceae 
Ardisia crenata S 4 26 2 7 15 2 
Ardisia quinquegona S 3 4 1 1 2 
Ardisia spp. U 1 2 2 
Embelia laeta V 8 129 3 10 21 33 47 3 4 8 
Embelia ribes V 4 16 1 2 6 7 
Embelia spp. U 3 3 # 2 1 
Embelia vestita V l l 1 
Maesa perlarius V l 0 # 
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Appendix 4.1 (Continued) 
Lf* N+ T^  G G G V V V S S S 
3 8 11 3 8 11 3 8 11 
Myrtaceae 
Baeckea frutescens S 6 596 1 4 47 542 1 1 
Eucalyptus torelliana T 1 0 # 
Lophostemon confertus T 2 0 # # 
Rhodomyrtus tomentosa S 9 706 92 93 41 5 231 77 96 18 53 
Syzygium buxifolium S 3 26 8 17 1 
Pinaceae 
Pinus elliottii T i l 1 
Pinus massoniana T 3 9 4 4 1 
Rhamnaceae 
Berchemia floribunda V 1 0 # 
Rhamnus crenata S 2 2 2 # 
Rhamnus spp. U 1 1 1 
Sageretia thea S l l 1 
Rhizophoraceae 
Carallia brachiata T 1 0 # 
Rosaceae 
Rhaphiolepis indica S 9 647 49 76 116 3 171 175 6 4 47 
Rosa laevigata V l l 1 
Rubus reflexus V 4 29 2 12 14 1 
Rubiaceae 
Adina pilulifera T 2 7 5 2 
Diplospora dubia T 1 3 3 
Gardenia jasminoides S 4 21 3 16 # 2 
Hedyotis hedyotidea V 1 0 # 
Morinda parvifolia V 5 134 # 15 100 17 2 
Mussaenda erosa V 8 28 3 4 3 1 0 4 1 1 2 
Mussaenda pubescens V 1 13 13 
Psychotria asiatica S 1 355 1 1 5 22 40 # 286 
Psychotria serpens V 2 5 5 # 
Rutaceae 
Acronychia pedunculata T 5 12 5 2 3 1 1 
Fortunella hindsii S 2 0 # # 
Melicope pteleifolia T 6 62 4 1 # 3 6 1 20 
Tetradium glabrifolium T 1 7 7 
Zanthoxylum avicennae T 6 8 2 1 # 1 2 2 
Zanthoxylum nitidum V 5 53 # 9 1 2 4 1 
Rutaceae spp. U 1 1 1 
Santalaceae 
Dendrotrophe frutescens V 4 13 9 # 1 3 
Simaroubaceae 
Brucea javanica T 1 3 3 
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Appendix 4.1 (Continued) 
_ , G G G V V V S S S LF* NT Y 
3 8 11 3 8 11 3 8 11 
Smilacaceae 
Smilax china V 8 48 6 8 6 19 2 2 1 4 
Smilax glabra V 6 17 2 2 4 2 1 6 
Sterculiaceae 
Helicteres angustifolia S 8 208 7 3 24 23 60 58 30 3 
Sterculia lanceolata T 2 4 . 3 1 
Symplocaceae 
Symplocos paniculata T 1 0 # 
Theaceae 
Adinandra millettii T 2 34 8 26 
Eurya chinensis S 8 52 5 2 29 # 1 0 # 5 1 
Eurya grojfii S 4 33 19 4 7 3 
Eurya nitida S 2 24 16 8 
Eurya spp. U 2 10 3 7 
Gordonia axillaris T 3 150 4 146 # 
Thymelaeaceae 
Wikstroemia indica S 1 0 # 
Tiliaceae 
Triumfetta rhomboidea S 1 0 # 
Ulmaceae 
Celtis sinensis T 2 3 2 1 
Trema tomentosa T 1 0 # 
Verbenaceae 
Callicarpa kochiana S 1 0 # 
Clerodendrum chinense S 1 2 2 
Clerodendrum Cyrtophyllum S 1 0 # 
Clerodendrum fortunatum S 5 116 29 13 1 64 9 
Clerodendrum spp. U 1 2 2 
Lantana camara S 3 18 17 1 # 
Vitaceae 
Ampelopsis cantoniensis V 2 3 # 3 
LF*: Life Form; T: tree species; S: shrub species; V: vine species; U: unknown life form 
N+: Number of sites recorded (including Walk Survey); T": Total number of individuals (quadrates 
only) 
#: species that were encounted in the Walk Surveys only. 
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Appendix 4.2 Numbers of individuals recorded in the sites 
Species Life Form Species Life Form 
Nine sites Four sites (Cont'd) 
Melastoma sanguineum S Glochidion eriocarpum S 
Rhodomyrtus tomentosa S Mallotus paniculatus T 
Rhaphiolepis indica S Phyllanthus cochinchinensis S 
Eight sites Sapium discolor T 
Breynia fruticosa S Ardisia crenata S 
Litsea rotundifolia var. oblongifolia S Embelia ribes V 
Embelia laeta V Rubus reflexus V 
Mussaenda erosa V Gardenia jasminoides S 
Smilax china V Dendrotrophe frutescens V 
Helicteres angustifolia S Eurya groffii S 
Eurya chinensis S Three sites 
Seven sites Desmos chinensis S 
Ilex asprella S Phoenix hanceana T 
Ficus variolosa T Sarcandra glabra S 
Psychotria asiatica S Rourea microphylla V 
Six sites Daphniphyllum calycinum S 
Rhus chinensis T Diospyros eriantha T 
Rhus succedanea T Bridelia tomentosa T 
Schejflera heptaphylla T Glochidion zeylanicum T 
Gnetum lofuense V Machilus chekiangensis T 
Cratoxylum cochinchinense T Diploclisia glaucescens V 
Melastoma candidum S Archidendron lucidum T 
Ficus hirta S Ficus vasculosa T 
Baeckea frutescens S Ardisia quinquegona S 
Melicope pteleifolia T Embelia s p p . U 
Zanthoxylum avicennae T Syzygium buxifolium S 
Smilax glabra V Pinus massoniana T 
Five sites Gordonia axillaris T 
Aporusa dioica T Lantana camara S 
Millettia reticulata V Two sites 
Litsea glutinosa T Rhus hypoleuca T 
Morinda parvifolia V Ilex viridis T 
Acronychia pedunculata T Tetracera asiatica V 
Zanthoxylum nitidum V Alchornea trewioides S 
Clerodendrum fortunatum S Glochidion puberum S 
Four sites Glochidion wrightii S 
Strophanthus divaricatus V Macaranga tanarius T 
185 . 
Two sites (Cont'd) One site (Cont'd) 
Mallotus apelta T Lithocarpus glaber T 
Desmodium heterocarpon S Homalium cochinchinensis T 
Millettia nitida V Scolopia chinensis T 
Tadehagi triquetrum S Itea chinensis T 
Strychnos angustiflora V Liquidambar formosana 丁 
Scurrula parasiticus S Loropetalum chinense T 
Urena procumbens S Litsea cubeba T 
Melia azedarach T Litsea s p p . U 
Lophostemon confertus T Machilus s p p . U 
Rhamnus crenata S Cocculus orbiculatus V 
Adina pilulifera T Hypserpa nitida V 
Psychotria serpens V Albizia lebbeck T 
Fortunella hindsii S Archidendron clypearia T 
Sterculia lanceolata T Pithecellobium dulce T 
Adinandra millettii T Ficus hispida T 
Eurya nitida S Ardisia s p p . U 
Eurya s p p . U Embelia vestita V 
Celtis sinensis T Maesa perlarius V 
Ampelopsis cantoniensis V Eucalyptus torelliana T 
One site Pinus elliottii T 
Schinus terebinthifolius T Berchemia floribunda V 
Uvaria macrophylla V Rhamnus s p p . U 
Alyxia sinensis V Sageretia thea S 
Ilex cinerea T Carallia brachiata T 
Ilex rotunda var. microcarpa T Rosa laevigata V 
Ilex spp. U Diplospora dubia T 
Mahonia fortunei S Hedyotis hedyotidea V 
Lonicera spp. U Mussaenda pubescens V 
Euonymus nitidus S Tetradium glabrifolium T 
Diospyros vaccinioides S Rutaceae spp. U 
Vaccinium bracteatum var. chinense T Brucea javanica T 
Antidesma bunius T Symplocos paniculata T 
Glochidion hirsutum T Wikstroemia indica S 
Sapium sebiferum T Triumfetta rhomboidea S 
Dalbergia benthamii V Trema tomentosa T 
Desmodium spp. U Callicarpa kochiana S 
Lespedeza formosa S Clerodendrum chinense S 
Phyllodium elegans S Clerodendrum Cyrtophyllum S 
Phyllodium pulcliellum S Clerodendrum s p p . U 
Castanopsis fissa T 
Life Form: T: tree species; S: shrub species; V: vine species; U: unknown life form 
186 . 
Appendix 4.3 Height distribution of the woody species recorded in all sites 
Specie Number recorded Total No of sites 
cm: 10-50 51-100 101-150 151-200 >200 recorded 
Trees 
Gordonia axillaris 1 0 2 1 8 9 6 1 7 1 5 2 3 
Litsea glutinosa 62 34 15 4 1 116 5 
Aporusa dioica 6 1 1 9 4 4 6 9 4 5 
Melicope pteleifolia 53 7 3 63 6 
Rhus chinensis 2 1 2 3 1 3 5 7 6 
Ficus variolosa 2 0 1 5 5 4 2 4 6 7 
Adinandra millettii 1 5 7 4 6 2 3 4 2 
Rhus succedanea 6 7 3 3 4 23 6 
Ficus vasculosa 9 4 3 2 1 19 3 
Cratoxylum cochinchinense 9 5 3 1 1 8 6 
Machilus chekiangensis 5 6 1 6 18 3 
Bridelia tomentosa 3 5 2 4 1 4 3 
Mallotus paniculatus 4 4 4 1 13 4 
Litsea cubeba 2 5 1 2 2 12 1 
Acronychia pedunculata 8 2 1 1 12 5 
Zanthoxylum avicennae 9 1 2 12 6 
Melia azedarach 1 0 1 0 2 
Schefflera heptaphylla 7 1 1 9 6 
Pinus massoniana 2 1 1 5 9 3 
Glochidion zeylanicum 1 3 1 2 1 8 3 
Vaccinium bracteatum van 
chinense 2 1 4 7 1 
Archidendron lucidum 2 2 1 2 7 3 
Adina pilulifera 7 7 2 
Tetradium glabrifolium 3 1 2 1 7 1 
Diospyros eriantha 1 1 4 6 3 
Sapium discolor 4 1 1 6 4 
Castanopsis fissa 4 1 1 6 1 
Schinus terebinthifolius 4 1 5 1 
Phoenix hanceana 3 2 5 3 
Mallotus apelta 1 1 2 4 2 
Homalium cochinchinensis 1 3 4 1 
Sterculia lanceolata 2 2 4 2 
Rhus hypoleuca 2 1 3 2 
Scolopia chinensis 1 2 3 1 
Itea chinensis 2 1 3 1 
Ficus hispida 1 2 3 1 
Diplospora dubia 1 1 1 3 1 
Brucea javanica 3 3 1 
Symplocos paniculata 3 3 1 
187 . 
Appendix 4.1 (Continued) 
Specie Number recorded Total No of sites 
cm: 10-50 51-100 101-150 151-200 >200 recorded 
Celtis sinensis 2 1 3 2 
Ilex viridis 2 2 2 
Macaranga tanarius 2 2 2 
Sapium sebiferum 1 1 2 1 
Loropetalum chinense 2 2 1 
Archidendron clypearia 1 . 1 2 1 
Lophostemon confertus 2 2 2 
Ilex cinerea 1 1 1 
Ilex rotunda var. microcarpa 1 1 1 
Antidesma bunius 1 1 1 
Glochidion hirsutum 1 1 1 
Lithocarpus glaber 1 1 1 
Liquidambar formosana 1 1 1 
Albizia lebbeck 1 1 1 
Pithecellobium dulce 1 1 1 
Eucalyptus torelliana 1 1 1 
Pinus elliottii 1 1 1 
Carallia brachiata 1 1 1 
Trema tomentosa 1 1 1 
Total 442 202 91 45 75 855 
Shrubs 
Rhodomyrtus tomentosa 2 1 9 2 9 0 1 3 6 4 3 1 8 7 0 6 9 
Rhaphiolepis indica 4 1 5 1 9 0 2 6 1 2 4 6 4 7 9 
Baeckea fmtescens 1 5 2 2 5 4 1 7 7 6 7 5 9 6 6 
Litsea rotundifolia var. 
oblongifolia 2 3 9 4 3 2 1 1 9 3 9 3 6 1 8 
Psychotria asiatica 263 61 18 6 8 356 7 
Helicteres angustifolia 9 7 9 3 1 8 2 0 8 8 
Desmos chinensis 1 3 0 4 9 1 6 3 5 2 0 3 3 
Phyllanthus cochinchinensis 120 61 22 203 4 
Breyniafruticosa 1 1 5 4 1 1 6 4 2 1 7 8 8 
Melastoma sanguineum 89 39 23 9 2 162 9 
Melastoma candidum 31 46 45 31 2 155 6 
Clerodendrum fortunatum 68 33 13 1 1 116 5 
Eurya chinensis 1 9 1 6 1 5 4 3 5 7 8 
Ilex asprella 1 8 1 2 1 5 2 4 5 1 7 
Glochidion eriocarpum 24 6 4 1 35 4 
Ficus hirta 17 15 1 2 35 6 
Tadehagi triquetrum 12 19 3 34 2 
Eurya groffii 24 2 5 2 33 4 
Ardisia crenata ^ 6 26 4 
188 * 
Appendix 4.1 (Continued) 
Specie Number recorded Total No of sites  
cm: 10-50 51-100 101-150 151-200 >200 recorded 
Syzygium buxifolium 15 2 3 3 3 26 3 
Eurya nitida 6 13 2 2 1 24 2 
Daphniphyllum calycinum 18 3 1 1 23 3 
Gardenia jasminoides 9 2 7 1 3 2 2 4 
Lantana camara 3 4 3 2 7 1 9 3 
Alchornea trewioides 5 1 6 12 2 
Diospyros vaccinioides 7 1 1 1 10 1 
Scurrula parasiticus 5 2 1 1 1 10 2 
Glochidion wrightii 2 1 1 4 2 
Ardisia quinquegona 3 1 4 3 
Sarcandra glabra 2 1 3 3 
Glochidion puberum 1 1 1 3 2 
Phyllodium elegans 1 2 3 1 
Rhamnus crenata 1 1 1 3 2 
Desmodium heterocarpon 1 1 2 2 
Urena procumbens 1 1 2 2 
Fortunella hindsii 1 1 2 2 
Clerodendrum chinense 2 2 1 
Clerodendrum Cyrtophyllum 2 2 1 
Mahonia fortunei 1 1 1 
Euonymus nitidus 1 1 1 
Lespedeza formosa 1 1 1 
Phyllodium pulchellum 1 1 1 
Sageretia thea 1 1 1 
Wikstroemia indica 1 1 1 
Triumfetta rhomboidea 1 1 1 
Callicarpa kochiana 1 1 1 
Total 2149 1319 597 164 117 4346 
Vines 
Gnetum lofuense 1 0 4 4 1 1 9 9 1 1 1 8 4 6 
Morinda parvifolia 9 9 2 5 5 6 1 3 5 5 
Embelia laeta 6 7 4 8 1 0 2 2 1 2 9 8 
Zanthoxylum nitidum 4 7 8 1 5 6 5 
Strophanthus divaricatus 2 7 1 1 1 0 4 2 5 4 4 
Smilax china 33 13 1 1 48 8 
Rubus reflexus 11 18 29 4 
Mussaenda ewsa 13 13 2 28 8 
Millettia reticulata 16 8 1 25 5 
Smilax glabra 15 1 1 17 6 
Embelia ribes 5 5 5 1 16 4 
189 * 
Appendix 4.1 (Continued) 
Specie Number recorded Total No of sites 
cm: 10-50 51-100 101-150 151-200 >200 recorded 
Dendrotrophe frutescens 9 4 3 16 4 
Diploclisia glaucescens 12 1 1 14 3 
Mussaenda pubescens 5 8 13 1 
Rourea microphylla 1 1 7 9 3 
Millettia nitida 2 1 2 1 6 2 
Psychotria serpens 4 1 1 6 2 
Ampelopsis cantoniensis 1 1 1 1 4 2 
Tetracera asiatica 2 2 2 
Dalbergia benthamii 1 1 2 1 
Strychnos angustiflora 2 2 2 
Uvaria macrophylla I 1 1 
Alyxia sinensis 1 1 1 
Cocculus orbiculatus 1 1 1 
Hypserpa nitida 1 1 1 
Embelia vestita 1 1 j 
Maesa perlarius 1 1 1 
Berchemia floribunda 1 1 1 
Rosa laevigata 1 { 1 
Hedyotis hedyotidea 1 1 1 
Total 478 211 63 33 19 804 
Unknown 
Eurya s p p . 4 3 3 1 0 2 
Machilus s p p . 6 6 1 
Embelia s p p . 1 4 5 3 
Ilex s p p . 1 1 2 4 1 
Ardisia s p p . 2 2 1 
Clerodendrum s p p . 1 1 2 1 
Lonicera s p p . 1 j 1 
Desmodium s p p . 1 1 j 
Litsea s p p . 1 1 1 
Rhamnus s p p . 1 j 1 
Rutaceae s p p . \ 1 j 
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